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[n  abstract 


>This  report  summarises  a  flight  test  evaluation  of  the  effects  of  auxiliary 
propulsion,  wings,  rotor  solidity,  and  blade  twist  on  a  modified  SH-3A  helicopter 
airframe  with  standard  S-6l  dynamic  components.  A  total  of  83  hours  of  tests  explored 
performance,  handling  qualities,  stresses,  vibrations  and  control  loads  for  eight 
different  configurations. 

The  primary  objective  of  the  program,  to  extend  tests  of  the  compound  configura¬ 
tion  to  a  maximum  safe  speed  of  not  less  than  200  knots,  ves  achieved.  Level  flight 
and  dive  speeds  of  21a.  and  230  knots,  respectively,  were  reached.  At  200  knots,  rotor 
lift  was  varied  from  25  to  75$  of  gross  weight. 

Throughout  the  expanded  flight  envelope,  handling  qualities  and  structural  loads 
confirmed  predictions  with  few  exceptions.  The  tests  confirmed  the  ability  of  the 
articulated  rotor  system  to  operate  satisfactorily  in  this  flight  regime  and  provided 
a  basis  for  future  aircraft  design  and  for  extrapolation  to  higher  speed. 
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ABSTRACT 


This  report  summarizes  a  flight  test  evaluation  of  the  t'J  is  of 
auxiliary  propulsion,  vings,  rotor  solidity,  and  blade  twist  on  •...  Tied 
SH-3A  helicopter  airframe  with  standard  S-6l  dynamic  components'.  A  total 
of  88  hours  of  tests  explored  performance,  handling  qualities,  stresses, 
vibrations  and  control  3oads  for  eight  different  configurations. 

The  primary  objective  of  the  program,  to  extend  tests  of  the  compound 
configuration  to  a  maximum  safe  speed  of  not  less  than  200  knots,  was 
achieved,  ievel  flight  and  dive  speeds  of  211  and  230  knots,  respectively, 
were  reached.  At  200  knots,  rotor  lift  was  varied  from  25  to  75$  of  gross 
weight. 

Throughout  the  expanded  flight  envelope,  handling  qualities  and  struc¬ 
tural  loads  confirmed  predictions  with  few  exceptions.  The  tests  confirmed 
the  ability  of  the  articulated  rotor  system  to  operate  satisfactorily  in 
this  flight  regime  and  provided  a  basis  for  future ' aircraft  design  and  for 
extrapolation  to  higher  speed. 


FOREWORD 


This  report  summarizes  the  results  ol‘  a  compound  helicopter  flight 
investigation  conducted  by  Sikorsky  Aircraft.  The  program  was  jointly 
funded  and  monitored  by  the  U.  S.  Naval  Air  Systems  Command  (NAVAIRSYSCOM), 
and  U.  S.  Arny  Aviation  Materiel  Laboratories  (AVLABS).  Due  to  the  large 
number  of  configurations  and  test  conditions  and  the  duration  of  the  flight 
investigation  many  individuals  contributed  to  the  program. 

The  program  was  monitored  for  NAVAIRSYSCOM  by  Messrs.  Frank  O'Brimski 
and  John  Snoderly.  and  for  AVLABS  by  Messrs.  Richard  Adams  and  Richard 
Dumond . 

NH-3A  project  engineers  at  Sikorsky  were  Messrs.  F.  de  Sibert  and 
J.  E.  He'din.  Program  technical  direction  was  provided  by  Mr.  E.  A. 
Fradenburgh.  Additional  Sikorsky  Aircraft  personnel  closely  associated 
with  the  program  were  Messrs.  G.  B.  Chesley,  G.  M.  Chuga,  T.  M.  Coonan, 

P.  J.  D’Ostilio,  R,  3.  Fenaughty,  W.  Gerdes,  B.  Gr.aham,  Jr.,  D.  S.  Jenney, 
W.  H.  Kimes,  J.  Kotkowski,  D.  F.  Perrault,  C.  M.  Heine,' A.  J.  Ruddell, 

R.  M.  Segel,  and  P.  VonHardenberg. 
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INTRODUCTION 


Sikorsky  Aircraft,  with  the  support  of  the  U.  S.  Naval  Air  Systems 
Command  and  U.  S.  Army  Aviation  Materiel  Laboratories,  has  conducted  a 
flight  research  program  to  demonstrate  an  expanded  flight  envelope  for 
rotorcraft . 


The  conventional  pure  helicopter  has  limitations  in  forward  flight 
caused  by  stall  on  the  retreating  blade.  Both  the  lifting  and  propulsive 
capabilities  of  the  rotor  decrease  with  increasing  speed.  Compounding 
the  helicopter,  by  adding  a  fixed  wing  and  auxiliary  propulsion  is,  there¬ 
fore,  a  logical  means  of  increasing  speed  potential.  Theoretical  research 
and  wind  tunnel  tests  of  articulated  rotors  have  shown  that  compound 
helicopters  should  be  capable  of  practical  speeds  at  least  100  knots  faster 
than  the  pure  helicopter.  The  NK-3A  research  program  was  prompted  by  the 
need  for  an  aircraft  of  operationally  useful  gross  weight  to  demonstrate 
these  improved  capabilities  and  to  confirm  the  theoretical  work  under 
full-scale  conditions. 

The  Navy /Sikorsky  SH-3A,  which  v is  chosen  as  the  base  aircraft  for 
the  research  program,  was  designed  for  a  cruise  speed  of  approximately' 

135  knots.  It  was  known,  however ,  that  the  rotor  system  of  t».is  aircraft 
was  capable  of  much  higher  speeds.  In  February  1962,  the  SH-3A,.with  a 
special  skid  landing  gear  to  reduce  drag  and  weight,  set  a  world's 
absolute  speed  record  of  210  miles  per  hour,  or  183  knots.  This  wat-  an 
impressive  achievement  for  a  pure  helicopter,  surpassed  as  of  the  date 
of  this  report  only  by  the  SUD/Super  Frelon  using  a  similar  system 
designed  by  Sikorsky  Aircraft.  The  speed  record  set  by  the  SH-3A,  however, 
did  not  represent  actual  mission  capability.  The  aircraft  was  stripped  of 
all  equipment  unnecessary  for  the  flight,  and  payload  was  nearly  zero. 
Aircraft  vibration,  blade  vibratory  stresses,  flying  qualities,  and  maneu¬ 
vering  capability  at  maximum  speed  were  satisfactory  for  establishing  the 
record,  but  they  were  not  satisfactory  for  operational  use. 


1 


The  major  objectives  of  the  lili-SA  flight  research  program  were ; 

(1)  Demonstration  of  improved-  aircraft  capability.  Speeds 

of  at  least  200  knots  were  desired  with  good  useful  load-, 
low  vibration,  low  stresses,  improved  flying  qualities, 
and  good  maneuverability. 

(2)  Determination  of  the  effect  of  a  number,  of  design  variables 
on  aircraft  characteristics.  Eight  aircraft  configurations 
were  tested.  The  variables  included  the  number  of  rotor 
blades  (five  and  six),,  two  values  of  blade  twist  (-U°  and  -8°), 
a  wing  (on- and  off),  and  auxiliary  jet  engines  (on  and  off). 

( 3 )  Experimental  determination  of  rotor  capability  at  high  speed. 
The  aircraft. was  designed  to  be  used  as  a  flying  wind  tunnel.  . 
The-  wing  and  auxiliary  propui sion  permitted  operation  of  the 
main  rotor;  over  a  wide  range  of  conditions  so  that  envelopes 
of  rotor  lift,  propulsive  force ,  and  power  loading  capability 
cculd  be  established.  This  also  permitted  determination  of 
rotor  control  power,  flapping,  dynamic  behavior ,  and  rot, or- 
wing  interference-rover  :a  vide  range  of  flight  conditions. 

.  The  SH-3A  research  program  has  been  successful  in  demonstrating  an 
improved  capability  for  rotary  wing  aircraft.  Valuable  research  data  were 
generated  to  permit  the  design  of  future  :high  performance  helicopters  and 
compounds.  All  of  the  major  objectives  of  the,;  program  were  achieved. 


DESCRIPTION  OF  VEHICLE 


The  NH-3A  (Sikorsky  model  S-61F)  high-speed  research  helicopter  is 
a  modified  SH-3A  helicopter.  Bureau  No.  1U8033.  A  production  SH~3A  is 
shown  in  Figure  1. 

The  military  electronics,  sonar,  armament,  shackles,  hoist,  sonar 
seats,  and  automatic  flight  control  system  were  removed  from  the  aircraft, 
and  the  following  changes  were  made: 

WING:  A  wing  of  170  square  feet  was  installed  in  the  "shoulder”  position, 
with  the  aerodynamic  center  slightly  aft  of  the  rotor  centerline.  A 
full-span  plain  flap,  capable  of  up  or  down  deflection,  was  provided  to 
trim  the  wing  lift  independently  of  fuselage  angle  of  attack.  The  flap  is 
controllable  in  flight  through  a  "beeper"  arrangement,  with  a  normal  rate 
of  3  degrees /second  and  an  emergency  "up"  rate  of  30  degrees /second. 

AUXILIARY  PROPULSION:  Two  Pratt  &  Whitney  J-60-P2  turbojets,  mounted  in 
T-39  "8abreliner"  nacelles,  were  installed  on  either  side  of  the  fuselage, 
outboard  of  the  landing  gear  sponsons. 

TAIL  CONE:  A  streamlined  tail  cone  replaced  the  SH-3A  aft  fuselage.  This 
modification  provides  a  17  degrees  flapping  clearance  between  the  main 
rotor  slid  the  tail  cone  compared  with  13  degrees  for  the  SH-3A. 

HORIZONTAL  TAIL:  A  Cessna  T*37  stabilizer  with  an  added  constant  chord 
center  section  was  installed.  The  incidence  was  ground  adjustable.  A 
"beeper"  arrangement  provided  in-flight  elevator  control  with  a  rate  of 
2  degrees/second. 

VERTICAL  TAIL:  A  large  vertical  tail  with  rudder  was  provided.  The 
rudder  deflection  was  controlled  in-flight  by  a  "beeper"  with  a  rate  of 
2  degrees/second. 

ROTOR  HEAD:  The  automatic  blade  folding  hardware  was  removed  to  reduce 
drag.  A  "beanie"  fairing  was  installed  on  the  rotor  head. 
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OIL  COOLER :  A  GH— 30 / Vli— 3A  oil  cooler  system  was  incorporated  in  the 
main  rotor  pylon  area. 

FUSELAGE:  The  aft  cargo  door,  sonar  well  hole,  and  doppler  antenna  were 
eliminated  and  skinned  over.  An  emergency  exit  panel  was  provided  on 
the  right-hand  side  of  the  cabin.  The  cockpit  side  windows  were  made 
fixed  but  jettisonable.  The  cockpit  glass  was  reinforced  or,  in  some 
areas,  skinned  over.  The  chin  lines  of  the  flying  boat  hull  were  rounded 
to  provide  a  better  streamlined  nose  shape. 

LANDING  GEAR:  The  open-well  sponsons  on  the  SH-3A  were  replaced  with 
more  streamlined  sponsons  with  doors  which  completely  enclose  the  main 
gear  in  the  up  position.  The  landing  gear  tread  was  reduced  from  13  to 
10  feet . 

The  following  table  gives  dimensional  information  pertinent  to  tl. 
NH-3A  (S-61F). 
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DIMENSIONS  AND  GENERAL  DATA 


Main  Rotor: 
Diameter 


Normal  tip  speed  (100$  N0) 

Disc  area 
Blade  chord 
Airfoil  section 
Number  of  blades 

Solidity,  ~| 

Blade  twist  (center  of  rotation  to  tip) 

Root  cutout  (%  radius  of  first  blade 
pocket ) 

Hinge  offset 

Articulation 

Blade  weight  moment  about  flap  hinge 
Blade  moment  of  inertia  about  flap  hinge 


62  feet 
660  fps. 

3019  ft.2 
18.25  in. 

NACA  0012 
5  or  6 

.0775  or  0.0937 
*•4  or  -8 


1.05  ft. 

Full  flapping  and  lag 
2876.1  ft.  lb. 

1703.5  ft-lb-sec2 


Tail  Rotor: 
Diameter 


Normal  tip  speed 
Blade  chord 
Airfoil  section 
Number  of  blades 
Solidity 
Blade  twist 
Hinge  offset 
Articulation 

Pitch  flap  coupling  (delta-three  angle) 


Wing: 


Exposed  area 

Taper  ratio  (tip  chord/theoretjoa'l 
root  chord) 


10  ft.  U  in. 
660  fps. 

7.3U  in. 

NACA  0012 


.323  ft. 
flapping  only 


32  ft.  0  in. 
170  ft.2 
137  ft.2 
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Wing  (continued): 

Tip  chord 

Mean  aerodynamic  chord 

Tvist 

Dihedral 

Sweep  of  26%  chord  line 
Aspect  ratio 

Flap  area  (aft  of  hinge  line) 
Flap  chord  (aft  of  hinge  line) 
Airfoil  section 


42.5  in. 
72.8  in. 
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29.8  ft.2 
26%  wing  chord 
NACA  632A  415 


Tail  Surfaces: 

Horizontal  tail  area 
Horizontal  tail  span 
Elevator  area 

Horizontal  tail  airfoil  section 
Vertical  tail  area  (above  WL  158) 
Rudder  area 


76.2  ft.2 
20  ft.  0  in. 

10.8  ft.2 

NACA  0010  modified 
44  ft.2 
8.6  ft.2 


Fuselage: 

Length 
Cabin  width 
Landing  gear  tread 
Wheel  base 
Rotor  head  height 


56  ft.  0  in. 

7  ft.  0  in. 

10  ft.  0  in. 

34  ft.  7.5  in. 
15  ft.  5.5  in. 


Weights : 


5  Blades  6  Blades 


lbs. 

lbs. 

R6tor  group  (6  blades) 

2517.5 

Rotor  group  (5  blades) 

2097.9 

Wing  group  \  chord  Sta.  278.0 

1014.0 

1014.0 

Tail  group 

350.9 

350.9 

Body  group 

2520.6 

2520.$ 

Alighting  gear 

811.2 

811.2 

Eng.  section  (T-58) 

1*1.7 

141.7 
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Weights  (continued): 


Eng.  section  (J-60) 
Poverplant  group 
Fixed  equipment  group 
Weight  empty 
Useful  load 
Design  gross  weight 


5  Blades 

6  Bladi 

lbs . 

lbs. 

U21.lt 

421.4 

2608.6 

2608.6 

2910.5 

2910.5 

12876.8 

13296.4 

6123.2 

5703.6 

19000.0 

1900C.0 

Powerplants : 

Main  propulsion  unit 

Two  General  Electric  T58-GE-SB  turboshaft  engines  with  the  following 
ratings  at  sea  level  standard  day  conditions: 


Ratings,  Shaft  hp 


Power  Shaft 
Output  R .P.M. 


Max.  SFC 
Tbs/SHP/hr 


Military  -  1250  19,500  0.6l  . 

Normal  -  1050  19,500  0.64 


Auxiliary  propulsion  unit 

Two  Pratt  &  Whitney  J-60P-2  turbojet  engines  with  the  following 
static  ratings  at  sea  level  standard  day  conditions: 


Ratings 

Jet  Thrust 
lbs. 

Maximum 

R.P.M. 

Max.  SFC 
lbs /hr /lb 

Military 

2,900 

16, 400 

0.930 

Normal 

2,570 

15,750 

0.905 

TEST  PROCEDURES 


flight  testing  of  the  S-olF  research  aircraft  vas  initiated  on 
May  PI,  1965,  following  satisfactory  completion  of  proof  load,  shake, 
and  tie-down  tests.  A  total  of  113  flights  involving  88.2  hours  of 
flight  were  completed  during  the  test  program  which  terminated  on 
May  8,  1967.  Flights  were  conducted  at  a  density  altitude  of  3000  feet, 
except  for  the  hovering,  autorotation,  and  airspeed  calibration  flights, 
which  required  specific  altitudes.  A  summary  of  the  flights  accomplished 
during  the  program  is  given  in  Table  I. 

PRELIMINARY  EVALUATION 

For  the  initial  phase  of  the  test  program  the  aircraft  was  configured 
as  follows:  two  J-60  turbojet  engines,  a  horizontal  stabilizer  with  +5 
degrees  of  incidence,  and  five  main  rotor  blades  with  -h  degrees  of  twist. 

A  photograph  of  this  configuration  is  presented  in  Figure  2  and  a  general 
arrangement  in  Figure  3. 

Initial  flights  were  conducted  without  auxiliary  jet  thrust  to  provide 
pilot  familiarization  and  preliminary  evaluation  of  the  basic  characteris¬ 
tics  of  the  helicopter,  including  handling  qualities,  performance ,  stress, 
and  vibration  levels. 

THRUST  AUGMENTATION 

Following  the  preliminary  flight  test  phase,  jet  thrust  augmentation 
was  used  to  investigate  higher  speeds .  Jet  thrust  augmentation  was  applied 
by  the  following  "standard"  procedure. 

1.  Set  the  J-60  jets  at  idle. 

2.  Trim  the  aircraft  in  level  flight  at  a  specified 
forward  speed,  100  percent  N^,  with  the  main  rotor 
collective  pitch  control  as  required. 

3.  Lock  the  collective  pitch. 

U.  Increase  jet  thrust  as  necessary  to  attain  higher 
?.';*vard  speeds. 


When  this  procedure  was  followed,  a  high  collective  pitch  and  hig~ 
rotor  shaft  power  level  resulted  from  an  initial  high  speed  trim  condition. 
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and  a  medium  collective  pitch  and  rotor  power  resulted  from  an  initial 
trim  speed  near  the  minimum  power  speed  of  the  helicopter  (70-60  knots). 

•To  establish  a  low  collective  pitch,  low  rotor  power  condition,  the  air¬ 
craft  was  first  trimmed  at  80  knots ,  and  then  the  collective  pitch  was 
lowered  to  the  prescribed  value  while  increasing  jet  thrust  as  required  to 
maintain  speed  and  altitude. 

COMPOUND  CONFIGURATION 

A  photograph  and  general  arrangement  of  the  compound  configuration 
are  shown  in  Figures  U  and  5.  After  initial  flights  in  this  configuration 
for  aircraft  familiarization,  several  combinations  of  elevator  and  flap 
settings  were  investigated  to  vary  rotor /wing  load  sharing,  and  establish 
the  maximum  speed  of  the  configuration.  A  stabilizer  incidence  of  zero 
degrees  was  selected  and  used  for  the  remainder  of  the  program.  A  maximum 
true  airspeed  of  221.8  knots  (212.2  knots  CAS)  was  achieved  with  a  rate  of 
descent  of  1300  feet /minute.  The  basic  test  procedure  was  the  "standard" 
procedure  described  above.  During  testing  of  the  compound  configuration 
with  -1  degree  twist  blades,  several  additional  evaluations  were  completed, 
including  the  following: 


1.  Investigations  of  a  blade  tip  excursion  phenomenon  associated 
with  advancing  blade  Mach  number  and  low  frequency  vertical 
response  characteristics  of  the  fuselage. 

2.  Evaluation  of  asymmetric  wing  lift  including  in-flight  photo¬ 
graphs  of  tufts  installed  forward  of  the  leading  edge  of  the 
wing. 


3.  Two  stages  of  drag  reduction  at  Flight  No.  30  and  Flight  No.  1*0 
with  improved  wing  root  Ing,  sealing  of  the  gaps  in  the  wing 
flaps,  and  general  clean-up.  A  maximum  level  flight  true  air¬ 
speed  of  210.9  knots  (199.3  knots  CAS)  was  achieved  with  this 
configuration. 

BLADE  TWIST  EVALUATION 

The  effects  of  blade  twist  on  rotor  stall  characteristics,  blade 
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stress  levels,  advancing  blade  compressibility,  and  aircraft  performance 
were  investigated  through  tests  of  both  -h  degree  and  -8  degree  twist 
main  rotor  blades.  The  aircraft  configuration  remained  unchanged  except 
for  the  rigging  changes  necessary  with  the  increased  blade  twist.  Twist 
effects  were  evaluated  on  both  the  helicopter  and  compound  configuration 
and  with  both  5  and  6  blades. 

ROTOR  SOLIDITY  EVALUATION 

The  thrust  augmented  helicopter  (without  wings)  was  tested  with  both 
five  and  six-bladed  rotors  to  determine  the  effects  of  increased  solidity 
ratio  on  aircraft  performance,  handling  qualities,  vibration,  and  stress 
levels. 

In  addition  to  establishing  the  boundary  limits  for  the  six-bladed 
configuration,  static  and  dynamic  stability  maneuvers  as  well  as  coor¬ 
dinated  turns  were  accomplished.  Hover  performance  data  were  also  recorded 
with  both  the  -U  degree  and  -8  degree  twist  main  rotor  blades. 

PURE  HELICOPTER  CONFIGURATIOH 

The  aircraft  was  configured  for  the  pure  helicopter  tests  to  provide 
baseline  data  by  removing  the  jet  engine  pods  and  installing  an  aerodynamic 
fairing  outboard  of  the  sponsons.  The  general  arrangement  is  shown  in 
Figure  6.  Flight  testing  provided  baseline  data  in  the  areas  of  aircraft 
performance,  handling  qualities,  vibration,  and  structural  loads  with  both 
the  -H  degree  and  -8  degree  twist  rotor  blades.  Flight  conditions  included 
level  flight,  autorotation,  and  dynamic*  stability  maneuvers.  Hover  perfor¬ 
mance  data  were  also  recorded  with  both  the  -U  degree  and  -8  degree  twist 
main  rotor  blades. 
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RESULTS  AND  DISCUSSION 


OPERATING  ENVELOPES-AIRCRAFT 

The  achieved  operating  envelopes  of  the  eight  aircraft  configurations 
are  shown  in  Figure  7a  through  7h  in  terms  of  airspeed  and  rotor  shaft 
horsepower.  In  each  case,  the  helicopter  flight  mode  (jets  idle  or 
removed  as  applicable)  is  presented  as  a  solid  curve.  In  addition. 

Figures  7a  through  7f  show  points  achieved  with  jet  thrust  augmentation 
at  various  main  rotor  collective  pitch  settings.  These  data  are  also 
listed  with  values  of  jet  thrust  and  rotor  lift  and  rotor  drag  in  Table  VII. 
Factors  which  limited  the  aircraft  operating  envelopes  are  discussed  in 
the  succeeding  paragraphs. 


Helicopter  With  Thrust  Augmentation 

a.  Five  Blades,  -U  Degrees  Twist 

The  envelope  for  this  configuration  is  shown  in  Figure  7a. 
With  collective  pitch  settings  at  the  80  knot  value  or  lower, 
the  high  speed  boundary  was  defined  by  available  jet  thrust. 
The  aircraft  was  flown  in  level  flight  autorotation  at  full 
low  collective  at  162.3  knots  CAS  and  5200  pounds  of  jet 
thrust. 

At  collective  pitch  settings  above  the  80  knot  value,  forward 
speed  was  limited  by  retreating  blade  stall,  indicated  by 
aircraft  roughness  and  elevated  control  loads.  Main  rotor 
transmission  support  stresses  indicated  elevated  levels  at 
high  shaft  horsepower,  but  this  condition  was  considered 
acceptable  for  short  periods  of  -operation. 

b.  Five  Blades.  -8  Degrees  Twist 


The  envelope  for  this  configuration  Is  shown  in  Figure  7b. 
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The  increased  blade  twist  provided  a  greater  rotor 
propulsive  force  capability,  permitting  a  slight  expansion 
of  the  high  power  portion  of  the  envelope.  A  maximum 
speed  of  196.2  knots  (207. 0  knots  TAS)  was  attained  at  the 
100  knot  collective  pitch  setting.  Further  increases  in 
collective  pitch  were  limited  by  aircraft  roughness,  high 
main  rotor  control  system  loads,  and  high  stress  levels  at 
the  forward  transmission  support  fitting.  The  aircraft 
was  also  flown  as  an  autogyro  with  full  low  collective,  at 
speeds  from  85  to  167  knots  GAS. 

Compound  Configuration 

a.  Five  Blades,  -U . Degrees  and  -8  Degrees  Twist 

The  envelopes  for  these  configurations  sure  shown  in  Figures 
7c  and  7d.  A  maximum  level  flight  calibrated  airspeed  of 
199-3  knots  (210.9  knots  TAS)  was  achieved  at  the  130  knot- 
collective  pitch  setting,  utilizing  5^85  pounds  of  jet 
thrust  and  1668  main  rotor  shaft  horsepower  with  the  -U 
degree  twist  blades . 

In  the  compound  configuration,  the  upper  portion  of  the  speed 
boundary  was  extended  to  higher  speeds  compared  to  the 
wingless  configuration.  This  expansion  was  possible  because 
of  the  additional  lift  produced  by  the  wing.  Seduced  rotor 
lift  requirements  permitted  additional  rotor  propulsive  force 
for  a  comparable  degree  of  rotor  stall.  Main  rotor  control 
loads  and  vibratory  stress  levels  at  the  transmission  attach¬ 
ment  fittings  showed  considerable  reduction  in  magnitudes 
as  the  main  rotor  loading  was  decreased.  Available  jet 
thrust  was  the  limiting  factor  in  establishing  the  level 
flight  speed  boundary  for  the  compound  configuration. 
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Six-Bladed  Helicopter  With  Thrust 
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The  envelopes  established  for  this  configuration  with 
-4  degree  and  -8  degree  twist  blades  are  presented 
in  Figures  7e  and  7f.  The  n/rev.  aircraft  vibration 
levels  and  transmission  attachment  stress  levels  were 
considerably  reduced  with  the  six-bladed  configuration 
and  presented  no  problem  at  high  main  rotor  shaft  horse¬ 
power.  However,  the  stationary  scissors  link  of  the 
main  rotor  control  system  exhibited  higher  loads  than 
with  the  five-bladed  rotor  at  high  collective  pitch 
settings . 

Full  jet  thrist  was  utilized  with  the  120  knot  collective 
pitch  setting  to  achieve  a  maximum  calibrated  airspeed  of' 
204.5  knots  {215.0  knots  true  airspeed)  with  -4  degree 
twist  blades.  This  condition  was  obtained  utilizing  5690 
pounds  of  jet  thrust  and  1390  shaft  horsepower.  Further 
increases  in  collective  pitch  were  limited  by  the  high 
stationary  scissors  loads.  With  lower  values  of  collective 
pitch,  maximum  forward  speeds  decreased  and  jet  thrust 
became  the  limiting  factor. 

Pure  Helicopter 

Figures  7g  and  7h  present  the  level  flight  performance  of 
the  pure  helicopter  configuration.  Data  points  are  shown 
for  zero  stabilizer  incidence  and  elevator  settings  of  zero 
and  -2  degrees.  As  illustrated  in  Figure  7g,  a  power-limited 
maximum  level  flight  calibrated  airspeed  of  152.0  knots 
(l60,2  knots  true  airspeed)  was  obtained  with  the  -8  degree 
twist  rotor  blades  while  utilizing  2440  shaft  horsepower 
from  the  T-58  engines.  Under  similar  flight  conditions  with 
the  -4  degree  twist  blades  installed,  a  speed  of  144.0  knots 
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calibrated  airspeed  (152.3  knots  true  airspeed)  vas 
obtained  using  2390  shaft  horsepower. 

HOVER  PERFORMANCE 

In  addition  to  accomplishing  the  primary  investigation  of  high 
speed  flight,  a  limited  study  was  conducted  to  determine  the  effect 
of  each  che  configuration  changes  on  NH-3A  hover  performance. 

The  effect  of  blade  twist  is  shown  in  Figure  8,  which  compares  the 
hover  performance  of  five  bladed  rotors ,  having  -4  degrees  and  -8  degrees 
twist.  The  lower  (solid)  curve  was  derived  from  Sikorsky  main  rotor 
test  stand  data  for  -8  degree  twist  blades.  Experimentally  determined 
tail  rotor  power,  fixed  losses,  and  3  percent  vertical  drag  have  been 
added.  This  curve  correlates  well  with  the  NH-3A  hover  data  for  -8 
degree  twist  blades. 

The  Goldstein-Lcck  methoa  (Reference  l)  vas  used  to  estimate  the 
increment  in  power  due  to  the  change  in  twist.  This  increment  of  2% 
in  power  was  applied  to  the  -8  degree  data  to  predict  the  performance 
of  the  -4  degree  twist  rotor  shown  in  the  upper  curve.  The  test  results 
appear  to  confirm  the  predicted  penalty. 

A  comparison  of  the  NH-3A  hover  data  with  5  and  6  blades  (of  -4 
degrees  twist)  is  shown  in  Figure  9.  The  performance  increment  due  to 
the  change  in  solidity,  estimated  by  the  Goldstein-Lock  method,  is  also 
shown.  The  five  blade  data  were  acquired  in  ground  effect  and  corrected 
to  the  OGE  conditions.  With  six  blades,  the  aircraft  was  flown  at  a 
lower  gross  weight  in  order  to  hover  OGE. 

The  vertical  drag  effect  of  the  wing  and  sponson/engine  installation 
is  shown  in  Figure  10,  which  compares  hover  data  for  the  pure  helicopter 
(from  Figure  8)  and  compound  configurations.  At  constant  power,  a  6 
percent  reduction  vas  required  in  the  compound  helicopter  gross  weight. 
This  increment  is  the  vertical  drag  contribution  of  the  wing  and 
sponson/engine  installation. 
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Aircraft  drag  has  been  estimated  using  measured  values  of  jet  thrust* 
main  rotor  thrust  and  torque,  and  main  rotor  drag  calculated  by  the  method 
of  Reference  2.  The  lift-drag  polars  resulting  from  this  procedure  are 
shewn  in  Figures  11a  and  b  for  the  Jet  augmented  helicopter  and  the  full 
compound  configuration  respectively.  The  improvement  at  160  knots  due  to 
the  drag  reduction  program  is  approximately  two  to  three  square  feet. 

The  drag  reduction  modifications  performed  after  flight  number  39 
included  the  following  items : 

1.  Enlarged  wing- fuselage  junction  fairings. 

2.  Reworked  landing  gear  fairing. 

3.  Streamlined  tail  rotor  gear  box  nose  section. 

1».  Covered  various  openings  on  the  aircraft. 

5.  Elimination  of  various  antennae. 

Equivalent  parasite  area  was  found  to  increase  with  forward  speed,  parti¬ 
cularly  in  the  full  compound  configuration.  The  reason  for  this  speed 
dependency  has  not  been  firmly  established,  but  a  probable  source  of  the 
drag  increase  is  spillage  from  the  T-58  engine  air  intakes.  A  decrease 
in  accuracy  of  the  rotor  performance  calculations  with  forward  speed  may 
also  contribute  to  the  apparent  drag  increase.-  Ccrrelation  of  the  full- 
scale  wind  tunnel  tests  of  an  H-3U  rotor  system,  reported  in  Reference  3, 
indicated  that  at  lift  and  torque  coefficients  similar  to  NH-3A  flight 
test  values*,  the  theory  was  increasingly  optimistic  with  forward  speed. 
This  would  result  in  an  apparent  increase  in  airframe  parasite  area. 

Table  II  presents  the  estimated  parasite  drag  breakdown  of  the  full 
compound  configuration  at  160  knots.  These  data  are  based  on  flight 
tests  of  the  SH-3A  and  wind  tunnel  investigations ,  with  analytical 
corrections  where  aooli cable. 


The  J-6Q  nacelles  as*>installed  were  found  to  be  producing  nearly 
three  times  the  estimated  drag.  In  addition,  local  separated  flow,  which 
was  observed  on  the  wing  and  landing  gear  pod  fillets  and  on  the  wing 
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flap,  is  believed  to  have  caused  penalties  as  shown.  It  is  notable  that 
the  ch  .g  of  the  pure  helicopter  (without  wings  and  J-6C's)  was  reduced 
20  percent  below  that  of  the  SH-3A  even  though  the  rotorhead  was  unmodi¬ 
fied  except  for  removal  of  blade  fold  parts,  and  the  cockpit  canopy 
shape  and  engine  inlets  were  left  unchanged.  Improvements  in  these 
areas  would  be  particularly  fruitful  at  speeds  above  200  knots. 

DIFFERENTIAL  WING  LIFT 

During  initial  tests  of  the  compound  configuration,  wing  instru¬ 
mentation  indicated  that  the  left  wing  lift  was  higher  than  the  right. 
This  finding  was  substantiated  by  examination  of  lateral  cyclic  pitch 
data,  figure  12  shows  that  with  the  wing  installed  an  increment  of 
left  lateral  stick,  which  increased  with  forward  speed,  was  required  to 
balance  the  wing  rolling  moment. 

To  further  define  the  wing  lift  distribution,  tufts  were  installed 
on  a  wire  mounted  8  inches  forward  of  the  wing  leading  edge.  The  test 
installation  is  shown  in  Figure  13.  Local  angle  of  attack  was  deter¬ 
mined  from  film  records  of  these  tufts,  taken  in  various  flight  condi¬ 
tions.  Wing  lift  distributions  were  then  determined  from  the  experi¬ 
mental  angle-of-attack  and  two-dimensional  characteristics  of  the  wing 
airfoil  (NACA  632A4l5}.  While  there  was  some  scatter  in  the  data,  it 
was  generally  found  that  very  low  angles  of  attack  were  developed  on  the 
inboard  portion  of  the  wing  (above  the  sponson).  In  addition  angles  of 
attack  on  the  right  wing  were  lower  than  on  the  left.  The  aircraft  was 
flown  with  wings  level  in  a  slight  right  sideslip.  This  resulted  in 
a  higher  lift  on  the  right  sponson,  which  probably  caused  the  greater 
lift  interference  on  the  right  wing. 

Sikorsky  Aircraft  recently  conducted  a  U.  S.  Army  AVLABS  sponsored 
investigation  of  rotor-wing  fuselage  aerodynamic  interference  effects. 
Reference  4.  The  results  of  that  program  were  reviewed  and  spanwise 
lift  distributions  are  compared  for  two  flight  conditions  with  the  NH-3A 
data  in  Figure  lU.  As  in  the  flight  test  data,  the  wind  tunnel  results 
indicate  a  slightly  reduced  right  wing  lift,  although  the  effect  is  less 
pronounced. 
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It  was  concluded  from  the  flight  and  wind  tunnel  tests  that  lower 
right  wing  lift  is  caused  hy  rotor  induced  velocity  producing  a  higher 
downwash  under  the  advancing  blade.  In  addition,  on  the  SII-3A ,  a  large 
interference  effect  occurs  on  the  inboard  portion  of  both  vings  due  to 
the  close  proximity  of  the  sponson  (located  directly  below  and  forward). 

The  effect  of  differential  wing  lift  on  overall  performance  and  control 
characteristics  is  small,  but  it  should  be  considered  in  the  design  of 
an  optimized  compound  helicopter. 

OPERATING  LIMITS  -  MAIN  ROTOR 

The  envelope  of  achievable  main  rotor  lift  and  propulsion  (or  drag) 
at  a  given  speed  is  bounded  by  allowable  limits  of  collective  pitch, 
cyclic  pitch,  and  blade  flapping,  and  by  allowable  levels  of  rotor  stall 
and  aircraft  vibration.  The  operating  regime  for  the  rotor  was  predicted 
in  advance  of  flight  test,  using  the  theory  of  Reference  2. 

In  order  to  compare  actual  performance  with  predicted  performance, 
theoretically  derived  boundary  plots  have  been  constructed  at  three  for¬ 
ward  speeds:  15 6  knots  (u  =  .Uo),  175  knots  (y  =  .1*5),  and  195  knots 
(y  =  .50).  For  flight  test  data  points  near  these  three  speeds  (±  9  knots), 
main  rotor  lift  and  drag  have  been  determined  using  measured  values  of 
main  rotor  torque,  rotor  thrust,  and  Jet  thrust.  The  measured  quantities 
from  representative  flights,  were  used  in  combination  with  the  theory  of 
Reference  2,  to  derive  the  aircraft  wing/body  lift-drag  polars  presented 
in  Figure  11.  Using  these  polars,  rotor  propulsive  force  could  be  deter¬ 
mined  for  all  data  points  by  subtracting  Jet  thrust  from  aircraft  drag. 

For  most  flights,  a  direct  measurement  of  rotor  thrust  was  available. 

This  was  checked  against  gross  weight  less  wing/body  lift  derived  from 
wind  tunnel  data  presented  in  Appendix  I. 

The  flight  test  program  was  arranged  to  test  the  theoretical  rotor 
envelope  as  far  as  possible,  using  Jet  thrust  to  achieve  speed  points 
up  to  maximum  speed  and  changes  in  wing  flap  and  elevator  settings  to 
vary  wing/body  lift.  Figure  15  shows  the  predicted  envelopes  and  the 
points  at  which  data  were  obtained  at  156,  175 »  and  195  knots.  Numerical 
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values  of  the  data  are  also  listed  in  Table  VII.  Experimentally  deter¬ 
mined  vibration  and  jet  thrust  limits  are  also  shown. 


K 


I 

I 


§. 


i 


■fcV 

&*« 


c 


c 


The  basic  envelope  of  the  rotor  is  determined  by  retreating 
blade  stall,  indicated  by  the  upper  stall  limits,  and  by  the  zero 
horsepower  (autorotation)  line.  Additional  limits  peculiar  to  the 
NH-3A  aircraft  are  the  transmission  rating  of  2300  horsepower,  collec¬ 
tive  pitch  limits  of  1U.5  degrees  maximum  and  1.0  degree  minimum.  The 
jet  thrust  limit,  determined  by  the  installed  thrust  and  airframe 
parasite  drag,  is  also  shown,  because  it  constitutes  a  basic  limit  of 
the  NH-3A  in  level  flight.  With  more  thrust,  or  reduced  drag,  this 
limit  would  shift  to  the  right.  The  experimentally  determined  vibra¬ 
tion  limit  is  shown,  when  encountered,  on  a  number  of  envelopes. 

Further  limits  including  main  rotor  flapping  and  longitudinal 
cyclic  pitch,  may  be  predicted.  However,  these  quantities  are  depend¬ 
ent  upon  fuselage  attitude,  in  addition  to  rotor  lift  and  drag,  arid, 
consequently  are  not  shown  in  Figure  15  which  is  valid  for  any  fuse¬ 
lage  attitude. 

As  speed  increases,  the  predicted  envelope  shrinks  due  to  the 
decreasing  lift  and  propulsive  force  capability  of  the  rotor.  The 
flight  test  data  follow  this  trend,  covering  most  of  the  area  within 
the  theoretical  rotor  envelopes,  and  lend  validity  to  the  use  of  the 
charts  of  Reference  2  for.  predicting  rotor  operating  envelopes. 

Those  areas  of  the  predicted  envelopes  which  were  not  covered  by 
flight  data  were  limited  by  factors  beyond  the  scope  of  the  theoretical 
analysis.  These  factors  are  discussed  in  the  following  sections. 
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The  design  flapping  limit  for  the  NH-3A  rotor  system  is  ±  8  degrees 
.relative  to  the  shaft.  This  value  is  based  on  structural  criteria  for 
satisfactory  life  of  the  main  rotor  shaft. 


At  most  flight  conditions  flapping  values  were  veil  below  the 
design  limit.  The  only  exceptions  occurred  when  the  rotor  angle  of 
attack  was  excessively  negative  at  relatively  high  fuselage  attitudes. 
Such  conditions  occurred  when  the  rotor  generated  large  amounts  of 
propulsive  force  necessary  to  overcome  parasite  drag  at  high  speeds. 
Large  amounts  of  forward  cyclic  stick  were  then  required,  resulting 
in  high  forward  flapping  relative  to  the  shaft  to  maintain  steady  levs! 
flight . 


Control  Limits 

The  control  margins  of  the  NH-3A  were  adequate  in  all  configurations. 
Wo  control  limits  were  encountered,  except  under  the  conditions 
described  in  the  preceding  paragraph,  when  the  longitudinal  stick  for¬ 
ward  limit  was  reached  at  high  nose-up  attitudes .  This  condition  was 
corrected  by  applying  2  degrees  of  down  elevator.  A  more  detailed 
discussion  of  control  characteristics  is  contained  under  PLYING  QUALITIES. 


Blade  Spread  Phenomenon 

During  flight  testing  of  the  NH-3A  under  some  conditions  at  high 
advancing  tip  Mach  numbers,  the  main  rotor  tip  path  split  into  two 
distinct  planes.  The  characteristics  of  this  phenomenon  were  the 
following: 
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1.  The  tir-  path  plane  spread  was  observed  by  the  pilots  and 
was  felt  as  a  vertical  bounce. 

2.  The  spread  was  a  maximum  over  the  nose  and  was  seen  as  two 
distinct  tip  path  planes. 

3.  Blade  tip  excursions  between  the  two  planes  of  approximately 
2*s  to  3  feet  were  noted. 

*4.  The  blade  spread  increased  with  increasing  Mach  number. 


5.  A  normal  acceleration  of  the  aircraft  center  of  gravity 
was  recorded  at  2^  per  rev. 

4» 

6.  Blade  stress  levels  remained  generally  unchanged  except 
for  a  small  amount  of  2H  per  rev  flatwise  stress  and  \  per 
rev  torsional  stress  peaking  at  azimuth  4*  —  90  degrees. 

7.  There  was  no  deterioration  in  control  power  or  any  tendency 
for  the  aircraft  to  rotate  about  any  axis. 

>3.  On  reducing  rotor  rpm  rapidly,  the  tip  path  plane  spread 

ceased  almost  immediately. 

9.  No  physical  damage  resulted  from  the  blade  spread. 

10.  The  blade  spread  could  not  be  eliminated  by  fine  tuning  of 
blade  track  or  by  close  matching  of  tip  caps. 

The  conditions  under  which  blade  spread  occurred  in  the  five-bladed 
rotor  are  shown  in  Figure  16.  The  major  parameter  is  advancing  tip  Mach 
number,  with  blade  spread  occurring  only  at  values  above  M  =  0.92. 


An  example  of  the  measured  blade  and  airframe  response  under  conditions 
of  tip  spread  is  shown  for  several  revolutions  in  Figure  IT-  The  reversal 
in  the  torsional  stress  peak  at  93  degrees  azimuth  suggested  the  existence 


20 


-«•_ .m-ob^s  ^JTW^es*  ^-j»*5w. 


of  blade  pitching  moments  of  alternating  sign  at  high  Mach  numbers.  Although 
two  dimensional  data  were  not  available  for  the  C012  airfoil  at  these  condi¬ 
tions,  examination  of  data  for  other  airfoils  showed  that  a  forward  shift  in 
airfoil  center  of  pressure  probably  occurs  at  Mach  numbers  above  0.7.  'rt 
was  not  possible  to  determine  the  exact  form  of  the  pitching  moment  cht 
teristics,  but  the  coefficients  shown  in  Figure  13  were  developed  for  use  in 
the  blade  analysis. 

With  these  data,  tne  h  per  revolution  characteristics  of  the  S-6l  blade 
was  predicted  analytically  using  the  Sikorsky/UAC  Research  Laboratories 
Normal  Mode  Blaae  Aeroelastic  Transient  Analysis.  Figure  19  clearly  shows 
the  large  calculated  tip  deflection  occurring  on  alternating  revolutions. 

The  angle  of  attack  of  the  advancing  tip  alternates  between  plus  and  minus 
lh  degrees  on  successive  revolutions  while  the  retreating  tip  angle  of  attack 
exceeds  20  degrees,  and  is  thus  stalled.  As  anticipated,  the  pitching 
moment  at  the  advancing  tip  is  positive  for  one  revolution  and  partly  nega¬ 
tive  in  the  following  revolution. 

The  reversal  5n  sign  of  the  advancing  tip  angle  of  attack  during 
successive  revolutions  appears  to  be  due  to  the  first  flatwise  blade  mode 
which  has  a  frequency  cf  approximately  2%  per  revolution  at  normal  rotor 
speed.  This  frequency  is  approximate]^  coincident  with  the  HH-3A  fuselage 
first  vertical  bending  mode.  Therefore  the  measured  2*g  per  revolution 
vertical  acceleration  of  the  fuselage  center  of  gravity  was  due  to  the 
combined  response  of  the  blade  flatwise  mode  and  the  fuselage  bending  mode 
at  that  frequency. 

AncJLytieal  studies  showed  that  the  blade  s  -ead  could.be  eliminated, 
either  by  decreasing  the  positive  moments  at  i igh  Mach  numbers ,  or  by 
increasing  the  blade  first  flatwise  natural  frequency  to  remove  it  from 
proximity  to  2^  per  revolution  .  In  addition  it  was  found  that  the 
occurence  of  stall  on  the  retreating  blade  was  not  significant  in  the 
mechanism  of  blade  spread.  A  more  detailed  analysis  of  the  phenomenon 
is  presented  in  Reference  5. 
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STRUCTURAL  LOADS 

J£&n.t cai-Syatea -Loads  .and  Retreating  Bladn  Stall 

During  the  NH-3A  compound  helicopter  flight  tests,  control  load  data 
were  obtained  on  an  articulated  rotor  over  a  wide  range  of  speed  and  rotor 
operating  conditions.  These  data  have  been  analyzed  to  establish  the 
effects  of  high  speed  and  rotor  unloading  on  thj  level  of  vibratory  control 
loads  before  stall  and  thv.  rate  of  build-up  beyond  the  onset  of  stall.  From 
this  study,  an  empirical  method  has  been  developed  for  predicting  control 
loads . 
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The  vibratory  load  in  the  rotating  control  system  of  conventional 
helicopters  generally  follows  the  pattern  sketched  below: 


Vibratory 

Push-Rod 

Lead 


The  level  of  -pushrod  load  is  nearly  constant  up  to  some  airspeed  and 
increases  rapidly  at  higher  speeds.  Accurate  prediction  of  the  “knee"  of 
this  control  load  curve,  and  the  load  build-dp  beyond  it,  is  important  in 
order  to  define  the  load  spectrum  for  control  system  design.  In  e  pure 
helicopter,  this  curve  is  generated  at  one  value  of  rotor  lift  (aircraft 
gross  weight),  and  the  knee  of  the  curve  has  been  found  to  correspond 
reasonably  to  the  onset  of  stall  defined  by  the  lower  stall  limit  criterion 
of  Reference  £  =  -00*0* 

In  a  compound  helicopter  such  as  the  NH-3A,  the  rotor  can  be  unloaded 
to  the  degree  ntressK-y  to  delay  or  avoid  retreating  blade  stall.  A  large 
number  of  NH-3A  control  load  data  points  were  analyzed  on  the  basis  of  the 
stall  criterion,  and  the  points  below  the  theoretical  lower  stall  limit 
have  been  plotted  in  Figure  20  as  a  function  of  advance  ratio.  The  curve 
through  the  points  shows  an  increase  in  vibratory  load  level  with  increasing 
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advance  ratio.  The  points  represent  a  wide  range  of  unstalled  rotor  lift 
ani  propulsive  force  conditions,  demonstrating  the  basic  influence  of 
advance  ratio  upon  vibratory  control  loads. 

Data  obtained  at  conditions  beyond  the  theoretical  lower  stall  limit 
would  fall  above  the  curve  of  Figure  20-  These  loads  have  been  analyzed 
in  terms  of  the  degree  of  stall  penetration  defined  by  the  rise  in  rotor 
torque : 


A(V°  =  CQ//°Er.p~(VaCR 


where 


AC _/a  is  the  measure  of  the  degree  of  stall. 

C^/ °Exp  *s  measure  CQ/o  at  a  specific  test  condition. 

Cq/°CH  is  the  value  of  CQ/o  {  given  by  Reference  2  )  at  the  lower 

stall  limit  with  the  rotor  operating  at  the  advance  ratio 
and  C^/o  values  of  the  test  point. 

Under  stalled  conditions,  the  control  load  increment  above  the  curve  of 
Figure  21  is  defined  as  ACm^.  Tne  effect  of  stall  penetration  upon 

AQmb  is  shown  in  Figure  21,  These  data  encompass  the  entire  high  speed 

range  and  both  -it-degree.  and  -8r-degree  twist  blades.  The  fairing  provides 
an  approximation  of  the  loads  developed  at  high  speed;  over  a  wide  range  of 
rotor  leadings.  A  value  of  C  .  can  be  defined  at  any  operating  condition 

1DD 

from  the  value  below  stall  in  Figure  20,  the  degree  of  penetration,  ACQ/c 
from  Reference  2  and  the  control  load  build-up  beyond  stall  from  Figure  21. 


To  verify  this  technique,  it  has  been  used  to  predict  the  control  load 
characteristics  of  the  CH-53A  and  CH-3C  helicopters.  The  results  are  compared 
with  flight  test  data  in  Figures  22  and  23-  Good  correlation  has  been 
obtained  for  both  rotor  systems. 


'I'M*  technique,  when  applied  to  the  NH-3A  rotor  operating  envelope, 
gives  a  set  of  control  load  contours  which  correspond  to  the  test  data.  A 
sample  envelope  at  175  knots  (equivalent  to  the  envelope  in  Figure  15c  is 
presented  in  Figure  2ht  which  shows  the  effects  of  rotor  lift  and  drag  on 
the  control  loads.  Below  the  ±  k65  lb  contour,  equivalent  to  the  lower 
stall  limit,  the  loads  are  nearly  constant.  The  higher  contours  indicate 
the  load  build-up  as  stall  is  penetrated.  It  is  apparent  that  rotor 
lift  level,  and,  to  a  lesser  extent,  the  rotor  drag  have  a  stroi.,  nfluence 
on  control  loads  when  the  rotor  is  operating  beyond  the  theoretical  lower 
stall  limit.  It  should  be  noted  that  these  loads  correspond  only  to  steady 
level  flight,  coring  most  maneuvers,  with  the  rotor  out  of  equilibrium, 
control  load  levels  are  substantially  lower  than  the  values  that  would  be 
predicted,  extrapolating  from  steady-state  values. 

A  limitation  encountered  with  the  five-bladed  rotor  system  was  the 
high  vibratory  load>  in  the  rotating  scissors  link  of  the  main  rotor  control 
system.  Loads  above  the  endurance  limit  were  encountered  when  operating  at 
high  forward  speeds  and  high  collective  pitch  settings.  Rotating  scissors 
loads  obtained  with  the  compound  com iguration  and  five-bladed  rotor  system 
are  shown  in  Figure  25-  The  loads  increased  rapidly  with  airspeed  when 
trimmed  at  the  maximum  135  knot  collective  trim  setting.  This  increase 
closely  parallels  the  build-up  of  push-rod  loads  and  was  apparently  due  to 
blade  stall.  With  the  wing  removed  greater  rotating  scissors  loads  were 
obtained  at  an  equi . alent  collective  pitch  setting  since  the  rotor  was  more 
heavily  loaded. 

With  the  six-bladed  rotor  configuration  increased  loads  on  the  rotating 
scissors  were  anticipated,  and  provisions  were  made  for  the  installation  of 
dual  rotating  scissors.  Due  to  the  load  sharing  between  the  two  scissors, 
vibratory  stresses  were  reduced  to  low  levels  for  all  flight  conditions.  The 
stationary  scissors,  however,  which  indicated  lower  loads  with  the  five-bladed 
configuration  showed  a  substantial  increase  in  vibratory  load  for  the  six- 

bladed  rotor  system.  This  increase  in  load  was  noted  both  w_th  and  without 
auxiliary  jet  thrust  and  became  a  limiting  factor  when  operating  with  high 
collective  piti at  high  forward  speed.  Figure  26  shows  that  load  levels 
exceed  the  endurance  limit  of  the  scissors  at  high  forward  speeds  with  the  120 
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knots  collective  pitch  setting.  The  approximate  boundary  imposed  by  these 
loads  was  shown  in  Figure  15i.  Since  this  limit  dlu  not  severely  restrict 
the  flight  envelope,  no  modifications  were  considered  necessary. 


Blade  Stress 

The  effect  of  rotor  lift  and  dr  z  upon  blade  stress  characteristics 
was  investigated  over  a  wide  range  of  airspeeds.  In  addition,  main  rotor 
blade  twist  and  number  of  blades  were  varied  to  evaluate  the  effects  of 
these  parameters  upon  blade  stress.  Recent  emphasis  on  high  speed  rotor 
operation  has  made  reduction  of  blade  stress  particularly  important,  because 
stress,  rather  than  power,  may  determine  maximum  allowable  flight  speeds. 


In  an  articulated  rotor,  the  maximum  blade  vibratory  stress  usually 
occurs  at  the  bottom  rear  corner  of  the  spar  at  60  to  TO  percent  span 
(gage  BR-T  for  the  NH-3A).  Figure  2?  is  a  composite  plot  showing  the 
effect  of  wings  and  auxiliary  propulsion  on  blade  stress  of  the  five 
blade,  -U  degree  twist  rotor.  The  bands  represent  stress  data  from  numerous 
flights  over  a  range  of  rotor  operating  conditions.  The  band  is  widest  for 
the  full  compound  configurations  due  to  the  increased  size  of  the  available 
flight  envelope. 


Without  wings  or  jet  engines,  the  vibratory  stress  level  approached 
6,000  psi  at  lUO  knots  (CAS).  The  addition  of  auxiliary  propulsion  to 
the  pure  helicopter  reduced  the  rate  of  stress  increase  with  airspeed  - 
apparently  because  of  rotor  unloading  produced  by  the  jet  engine-sponson 
assembly  which  developed  considerable  lift  at  high  speeds.  The  greatest 
stress  reduction  was  obtained  with  the  full  compound  configuration  in 
which  the  addition  of  the  wing  permitted  significant  unloading  of  the  rotor. 


The  effects  of  rotor  li<v  xd  airspeed  upon  vibratory  stress  of  the 
-U  degree  twist  blades  are  shown  in  Figure  28.  Forty-six  data  points 
were  examined  for  speeds  between  1^9  and  19U  knots,  rotor  lift  values  of 
U,300  to  16,000  lbs.,  and  rotor  drag  of  900  to  -800  lbs.  For  this  range 
of  data,  stress  was  determined  to  be  a  nearly  linear  function  of  speed 
and  rotor  lift,  but  not  significantly  affected  by  rotor  drag.  Consequently, 


\ 


25 


stress  is  seen  to  increase,  linearly,  with  forward  speed  at  a  given  lift- 
value  and  to  be  strongly  uffec-tc-d  by  the  degree  of  unloading.  This  stress 
reducing  effect  of  decreased  rotor  loading  was  shown  in  Figure  27  by  the 
low  stresses  demonstrated  in  the  compound  configuration. 

The  insensitivity  of  blade  stress  level  to  rotor  drag  is  not  unexpected 
for  the  -U  degree  twist  blades.  In  full-scale  wind  tunnel  tests  of  the 
H~3b  (Sikorsky  S-58)  rotor  system.  Reference  3,  stress  was  found  to  increase 
in  zero  degree  twist  blades  with  increased  rotor  propulsion,  while  -8  degree 
twist  blades  developed  reduced  stresses  as  rotor  propulsion  increased. 
Therefore,  it  may  be  concluded  that  -U  degree  twist  blades  are  relatively 
insensitive  to  rotor  propulsive  force. 

The  effects  of  number  of  blades  and  blac  „wist  were  also  evaluated. 

Figure  29  shows  that  main  rotor  blade  stress  was  lower  with  the  six-bladed 
rotor  than  with  the  five-bladed  rotor  having  identical  blades  as  expected, 
because  of  the  lower  lift  required  per  blade.  The  increase  in  twist  from 
— U  degrees  to  -8  degrees  shifted  the  location  of  maximum  stress  inboard 
(from  BR-7  at  70  percent  span  to  BR-  at  60  percent  span)  and  increased 
the  maximum  stress  value.  These  data  were  measured  with  collective  pitch  at 
the  80  knot  position  which,  at  speeds  above  approximately  120  knots, 
resulted  in  the  rotor  operating  at  a  drag  condition.  The  increased  stress 
measured  on  the  higher  twist  rotor  under  such  conditions  is  in  agreement 
with  the  H-31*  full  scale  wind  tunnel  test  results  discussed  above. 

Effects  of  Rudder  Deflection  on  Tail  Rotor  Stresses 

The  effect  of  rudder  deflection  on  tail  rotor  blade  stress  was  evaluated 
as  a  function  of  airspeed.  Figure  31  shows  NB-R  vibratory  stress  versus 
airspeed  for  0,  10,  and  20  degrees  left  rudder  deflection.  As  speed  increases, 
the  effect  of  the  rudder  increases,  and  the  tail  rotor  thrust  requirement  is 
reduced.  Lower  blade  coning  and  flapping  and,  therefore,  lower  stresses  on 
the  semi-articulated  rotor  result.  During  the  flight,  main  rotor  power  was 
reduced  slightly  between  0  and  10  degrees  rudder  settings.  The  data  indicate, 
however,  that  a  stress  reduction  of  as  much  as  25-30  percent  can  be  achieved 
at  constant  power.  Camber  or  positive  incidence  on  an  adequately  sized 
vertical  tail  should  have  the  same  effect. 
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AIRFRAME  VIBRATION 

Prior  to  flight  testing,  the  NH-3A  was  shake  tested  with  and  without 
wings.  These  tests,  described  in  detail  in  Reference  6,  indicated  -chat 
the  HH-3A  vibration  levels  with  a  five-bladed  rotor  would  be  lower  than 
other  S-6l  series  aircraft  (SH-3A  and  CH-3C),  primarily  because  the  NH-3A 
fuselage  modes  are  further  removed  from  5  per  rev.  The  response  of  the 
HH-3A  with  the  six-bladed  rotor  was  predicted  to  be  even  lower  due  to  the 
lower  rotor  blade  loads  and  the  absence  of  fuselage  resonances  near  6  per 
rev  operating  speeds. 

Flight  tests  confirmed  that  NH-3A  cockpit  vibration  levels  were  in 
agreement  with  values  predicted  by  analysis  of  shake  test  results.  The  ' 
effects  of  number  of  blades,  blade  twist,  wings,  and  jet  thrust  on  vibra¬ 
tion  are  discussed  in  the  following  paragraphs. 

Effect  of  Number  of  Blades 

Cockpit  vibration  levels  of  the  five  bladed  and  six-bladed  configura¬ 
tions  are  compared  in  Figure  32  for  a  range  of  flight  conditions.  With  the 
-4  degree  twist  blades,  the  six-bladed  system  reduced  both  vertical  and 
lateral  response.  With  the  higher  twist  (-8  degrees)  blades,  the  six-bladed 
system  provided  little  reduction  in  vertical  response,  but  lateral  accelera¬ 
tions  were  reduced  by  50  percent. 

There  are  several  reasons  for  the  substantial  improvement  with  the 
six-bladed  rotor.  First,  blade  airloads  generally  decrease  with  higher 
input  harmonics.  In  addition,  the  blade  response  characteristics  are  such 
that  the  six-bladed  rotor  transmits  less  of  the  applied  loads  to  the 
fuselage.  The  natural  frequency  of  the  second  flatwise  bending  mode  of  the 
S-6l  blade  is  near  5  per  rev.  Blade  response  at  thj-  frequency  provides 
considerable  fuselage  vertical  excitation  in  the  five-bladed  rotor,  but  does 
not  feed  through  the  rotor  head  in  the  six-bladed  system. 

Similarly,  lateral  and  longitudinal  fuselage  excitations  result  from 
n-1  and  n+1  edgewise  blade  response.  Since  the  S-6l  blades  have  a  first 
edgewise  resonance  near  4  per  rev  ,  the  five-bladed  rotor  passes  hi"h  5 
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per  re*/  lateral  and  longitudinal  loads  to  the  fuselage.  With  the  six-'o laded 
rotor,  the  h  per  rev  response  is  not  transmitted  through  to  the  airframe. 


Finally,  Figure  33  shows  that  two  of  the  three  important  modes  of  the 
NH-3A  fuselage  response  are  less  sensitive  at  6  per  ev  than  at  5  per  rev. 

The  higher  vertical  response  to  longitudinal  excitation  at  6  per  rev  may 
explain  the  lack  of  difference  in  vertical  vibration  between  the  five-  and 
six-bladed  rotors  with  the  -8  degree  twist  blades. 

Effects  of  Blade  Twist 

Flight  test  results  on  -U  degree  and  -8  degree  twist  blades,  also  com¬ 
pared  in  Figure  32,  indicate  small  changes  in  cockpit  vertical  vibiation 
levels.  Howev  r,  the  cockpit  lateral  levels,  especially  with  the  five-bladed 
configuration,  are  significantly  higher  for  -8  degree  twist. 


Transmission  Support  Structure  Stresses 

The  transmission  support  fittings  transmit  loads  from  the  rotor  system 
to  the  airframe.  Consequently,  stresses  in  this  area  are  affected  by  the 
same  parameters  which  influence  airframe  vibration.  Transmission  support 
fitting  stresses  are  presented  in  Figure  3^  which  shows  that  the  stress 
levels  with  the  six-bladed  rotor  were  only  a  fraction  of  those  with  the 
five-bladed  configuration,  especially  at  higher  speeds.  This  behavior 
parallels  the  cockpit  lateral  vibration  characteristics  shown  in  Figure  32. 

Rotor  Unloading 

Figure  35  shows  the  effect  of  rotor  unloading  upon  cockpit  vibration. 
The  use  of  wings  and  auxiliary  propulsion  resulted  in  reduced  cockpit 
vibration  at  high  speeds,  primarily  because  of  the  delay  or  elimination  of 
retreating  blade  stall.  Analysis  predicted  vibration  levels  at  180  knots 
in  the  compound  configuration  to  he  equivalent  to  those  at  lUO  knots  with 
the  rotor  carrying  the  full  aircraft  weight.  The  predictions  were  based 
on  fie  assumption  that  vibration  levels  would  be  equal  at  the  onset  cf 
stall  in  the  two  cases.  The  stall  criterion  of  Reference  2  was  utilized. 
Figure  35  confirms  that  this  is  a  useful  method  for  predicting  the  effect 
of  compounding  upon  vibration  levels. 
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Tail  Shake 


Commencing  with  testing  of  the  six-bladed  rotor  configuration ;  » 


lateral  tail  shake  was  encountered.  The  tail  shake  was  defined  as  a  low 


frequency,  high  displacement,  lateral  oscillation  of  the  tail  assembly, 
believed  to  result  from  turbulent  airflow  generated  by  the  main  rotor 
impacting  on  the  tail  pylon  area.  Although  the  structural  integrity  of 
the  aircraft  was  not  seriously  affected,  the  vibration  level  increased 
with  speed  and  became  objectionable  at  high  forward  speeds. 


In  an  attemot  to  reduce  the  tail  shake  vibration  level  several 


possible  solutions  were  considered.  Previo':^  testing  with  the  five-bladed 
rotor  system  had  been  accomplished  using  a  main  rotor  head  "beanie" 
fairing  to  streamline  the  airflow  from  the  main  rotor  and  deflect  it  down¬ 
ward  away  from  the  tail  rotor.  As  an  initial  step  this  fairing  was 
modified  and  installed  on  the  aircraft.  However,  due  to  the  damper  instal¬ 
lation,  the  fairing  was  installed  approximately  seven  inches  higher  on  the 
six-bladed  rotor  system  than  the  original  installation.  Since  the  effec¬ 
tiveness  of  the  fairing  is  a  function  of  several  factors  including  its 
diameter,  thickness  and  distance  above  the  rotor  head,  no  significant 
reduction  in  the  tail  shake  was  accomplished.  As  an  additional  modification 
a  skirt  was  installed  around  the  circumference  of  the  fairing  to  effectively 
lower  the  installation.  Subsequent  flights  revealed  that  only  a  small 
reduction  in  the  tail  shake  could  be  accomplished  with  this  configuration. 


Simultaneously ,  the  effect  of  fuselage  trim  attitude  on  the  tail 
shake  problem  was  investigated  in  an  attempt  to  remove  the  tail,  pylon  from 
the  turbulent  airflow.  A  c.g.  change  to  265.7  inches  or  an  elevator  setting 
of  +  h  degrees  was  found  sufficient  to  eliminate  the  tail  shake  problem. 

The  latter  solution  was  used  for  the  remainder  of  the  six-bladed  flights. 


It  is  apparent  that  to  avoid  tail  shake  in  a  high  speed  helicopter  or 
compound,  the  turbulent  wake  of  the  rotor  head/pylon  should  be  reduced  as 
much  as  possible,  and  that,  further,  the  tail  rotor  and  tail  surfaces  should 
be  located  outside  the  rotor  head  wake  if  at  all  possible. 
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The  NH-3A  compound  helicopter  was  designed  to  provide  a  stabl"  aircra.'t 
for  research  and  data  acquisition  purposes.  To  accomplish  this  the  airframe 
was  equipped  with  a  large  empennage.  The  result  of  this  design  was  a  stable 
aircraft,  even  without  AFCS  (which  had  been  removed),  and  there  was  no 
unexpected  loss  of  stability  with  speed.  Flying  qualities  were  generally  as 
expected,  and  the  influences  of  wing,  jets,  control  surfaces  and  the 
different  rotor  configurations  were  predictable. 


V-N  Envelopes 

Although  the  full  load  factor  capability  of  the  NH-3A  was  not  developed 
during  this  program,  sufficient  load  factors  were  generated  to  indicate  the 
maneuver  potential  of  the  aircraft.  Load  factors  achieved  with  the  jet 
augmented,  five-bladed  configuration  are  shown  in  Figure  36a.  A  maximum 
of  1.82g  was  obtained  in  a  left  turn  at  120  knots  indicated  airspeed.  The 
minimum  load  factor  of  .05g  was  obtained  during  an  entry  to  autorotation 
at  120  knots.  Addition  of  the  wing  expanded  the  envelope  to  a  maximum  load 
factor  of  2.2Ug,  shown  in  Figure  36  b.  This  was  obtained  in  a  climbing 
turn  at  l6o  knots.  The  addition  of  a  sixth  main  rotor  blade  (without  the 
wing)  also  improved  the  load  factor  capability  of  the  basic  aircraft. 

Figure  36c  shows  that  a  maximum  of  2.2g  was  obtained  at  120  knots.  This 
configuration  achieved  an  indicated  airspeed  of  230  knots  in  a  dive. 


Theoretical  Correlation  With  Flight  Test 


Flight  test  values  of  control  positions  and  aircraft  attitude  agreed 
well  with  theoretical  predictions  based  on  small  scale  wind  tunnel  tests. 
F:  ^are  37  compares  flight  test  data  at-  125  knots  with  predicted  lateral 
directional  characteristics  from  Reference  7*  The  effect  of  the  differen¬ 
tial  wing  lift  is  apparent  in  the  lateral  cyclic  stick  data.  This  effect 
was  not  considered  in  the  preflight  calculations  and  consequently  near 
zero  sideslip  there  was  approximately  1 \  degrees  more  left  cyclic  pitch 
than  predicted.  This  difference  had  no  adverse  effect  on  the  NH-3A,  but 
it  should  be  considered  in  the  design  of  future  compound  aircraft. 
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At  speeds  below  1^0  knots  aircraft  attitude  and  control  positions 
were  predicted  using  a  digital  computer  program  based  on  linearized  rotor 
aerodynamic  theory.  Figure  38  demonstrates  the  adequacy  of  this  approach. 
For  higher  speeds  a  combined  analog-digital  ("hybrid")  computer  was  used 
to  obtain  trim  solutions.  The  hybrid  computer  program  includes  the  aero¬ 
dynamic  analysis  of  the  generalized  rotor  performance  (GRP)  program 
(Ref.  2)  which  considers  the  effects  of  Mach  number  and  reverse  flow,  and 
has  no  small  angle  assumptions. 

Figure  38  compares  flight  test  with  computed  values  of  various  para¬ 
meters.  In  calculating  these  parameters  on  the  hybrid  computer,  jet  thrust, 
roll  attitude,  and  collective  pitch  were  specified  as  equal  to  the  measured 
values.  Discrepancies  in  the  generally  good  correlation  appear  in  .longi¬ 
tudinal  cyclic  pitch,  aircraft  pitch  attitude,  and  tail  rotor  pitch,  at 
high  speeds.  There  was  considerable  scatter  in  flight  test  values  of  the 
first  two  parameters,  which  could  account  for  the  differences.  The  dis¬ 
crepancy  in  tail  rotor  pitch  at  high  speeds  is  probably  due  to  a  high  pre¬ 
diction  of  main  rotor  torque  and  vise  of  too  lo..  a  lift  curve  slope  in  the 
linearized  analysis  of  the  tail  rotor. 

Effect  of  Various  Parameters  on  Aircraft  Attitude  and  Control  Positions 

Effect  of  Drag  Reduction 

The  effect  of  drag  reduction  on  control  positions,  aircraft  attitude, 
and  jet  thrust  is  shown  in  Figure  39.  There  was  a  significant  forward 
shift  in  longitudinal  stick  position  and  an  increase  in  flapping  which 
would  produce  a  nose-down  pitching  moment.  Tt  199  knots,  two  degrees  of 
downward  elevator  displacement  were  required  to  produce  am  equivalent 
moment  and  return  the  stick  to  the  position  established  prior  to  the  drag 
reduction  modifications.  This  shift  in  longitudinal  characteristics  is 
believed  to  be  due  to  increased  effectiveness  of  the  horizontal  stabilizer 
resulting  from  improved  airflow  characteristics  over  the  wing  root  and 
landing  gear  fairing.  A  study  of  horizontal  tail  loading,  determined  from 
stabilizer  bending  moment  measurements ,  (Figure  40)  confirms  that  increased 
tail  loads  are  the  cause  of  the  trim  change.  It  was  demonstrated,  therefore 
that  improved  stability  is  provided  by  putting  the  tail  surfaces  in  a  clean 
environment. 
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n  ■■  '!H-  -.A  compound  configuration  included  a  high  wing  with  a  constant 
incidence  angle  of  zero  degrees  (airfoil  reference  chord  line).  The  wing 
aerodynamic  center  was  located  near  to  the  basic  aircraft  c.g.  in  order  to 
keep  the  ring- fuselage  pitching  moment  changes  caused  by  changes  in  wing 
lift  to  a  minimum.  Therefore  the  aircraft  trim  and  dynamic  response 
characteristics  wore  not  expected  to  change  significantly  with  the  addition 
of  the  wir.g. 

. igure  U 1  shows  the  effect  of  wings  on  flight  characteristics  of  the 
NH  3A.  For  all  flights  shown  in  this  figure  the  aircraft  was  trimmed  at 
80  knots  with  jet  thrust  at  idle.  The  collective  remained  fixed  and  jet 
thrust  was  increased  to  achieve  higher  speeds.  In  the  full  compound 
configuration,  the  wing  was  developing  a  positive  lift  at  80  knots,  so  less 
co’lective  pitch  vas  required  than  in  the  wingless  cor.^if ur ation.  The 
differential  wing  lift  effect  can  be  observed  in  these  data.  The  differen¬ 
tial  lateral  'tick  displacement  required  to  counteract  the  positive  rolling 
moment  is  approximately  18  percent  at  180  knots. 

Dynamic  response  to  a  longitudinal  stick  pulse  was  measured  in  flight 
with  and  without  the  wing.  The  results  of  a  ^  inch  longitudinal  cyclic 
pull  and  return  are  shown  in  Figure  k2.  These  data  show  little  change  in 
response  due  to  the  presence  of  the  wing.  The  small  differences  may  reflect 
the  difference  in  actual  control  input  during  the  maneuver.  The  measured 
response  is  compared  with  calculated  values  in  Figure  43.  The  measured 
control  input  has  been  utilized  in  the  analysis,  and  +he  results  show  good 
agreement  both  with  and  without  the  wing. 

Although  lateral  characteristics  were  not  directly  investigated,  pilots 
report  that,  with  the  wing,  roll  control  power  was  somewhat  diminished,  but 
chat  lateral  stability  was  improved. 

Solidity  Effect 

To  determine  tbe  effect  of  solidity,  the  KH-oA  was  flown  vita  both  a 
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r\  ve -blade  a  and  a  six-blade  a  rotor  system.  The  added  blade  increases  rotoi* 
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given  speed  and  angle  of  attack.  Figure  hh  is  a  comparison  of  aircraft 
attitudes  and  control  positions  for  the  five-bladed  and  six-b3aded  config¬ 
urations.  The  added  profile  power  of  the  sixth  blade  increased  rotor  torque 
at  low  speed  so  that  more  left  pedal  was  required  for  trim. 

Theoretical  and  experimental  longitudinal  response  to  a  pull  and  return 
were  compared  for  the  five-bladed  rotor  in  Figure  1)3.  A  similar  comparison 
for  the  six-bladed  rotor  appears  in  Figure  1*5*  Again  the  agreement  is 
excellent  for  the  first  10  seconds.  Beyond,  that  point,  the  matching  of 
control  inputs  in  the  calculation  was  stopped. 

Effect  of  Twist 

Main  rotor  blades  of  both  -U  and  -8  degrees  were  tested  on  the  five- 
and  six-bladed  rotors  during  the  test  program.  The  twist  variation  caused 
no  changes  in  air-raft  trim,  control  positions  and  stability,  within  the 
accuracy  of  the  test  data. 

Effect  of  Horizontal  Tail 

The  HH-3A  horizontal  stabilizer  was  designed  to  provide  a  stable 
pitching  moment  (Ma‘  lope,  including  the  contribution  of  the  rotor.  With 
the  tail  initially  s  .eu  on  this  oasis,  wind  tunnel  tests  revealed  a 
serious  reduction  of  tail  effectiveness  over  a  narrow  range  of  angie  of 
attack  where  the  tip  vortices  from  the  J-60  installation  impinged  upoi 
the  stabilizer.  To  eliminate  this  problem  the  span  of  the  stabilizer  was 
increased  to  p»vvide  area  outboard  of  the  jet  engines.  The  characteiistics 
of  the  NH-3A  and  standard  SH-3A  stabilizers  are  as  follows. 


Total  Area 
Aspect  Ratio 
Incidence 


SH-3A 

20  feet2 
1.8 

0  degrees 


HH-3A 

76.2  feet2 
5-25 

Ground  Adjustable 
-5,  0,  5  degrees 
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The  effect  <“>?'  i. he  increased  stabilizer  area  upon  dynamic  response  is 
showr.  in  Figure  *V  for  an  aft  stick  pulse.  The  stick  displacement  was  held 
for  the  NH-3A  longer  than  that  for  the  SH-3A  but  with  less  amplitude, 
giving  a  similar  impulse.  The  maximum  change  in  pitch  attitude  of  the 
HH-3A  was  only  6  degrees,  compared  co  20  degrees  for  the  SH-3A.  In  addition, 
changes  in  speed  and  vertical  acceleration  were  smaller  for  the  NH-3A. 

Some  problems  were  encountered  with  the  larger  empennage  in  hover, 
sideward  and  rearward  flight.  Pitch  oscillations  occurred  in  hover  due 
to  intermittent  partial  immersion  of  the  horizontal  tail  in  the  main  rotor 
downwash.  This  effect  did  not  ~ccur  in  calm  air.  The  aircraft  also  had 
reduced  speed  capabilities  in  sideward  and  rearward  flight  due  to  abnormal 
airflows  caused  by  the  larger  vertical  and  horizontal  tails. 

Effects  of  Elevator  Deflection 

The  effectiveness  of  the  large  elevator  is  demonstrated  in  Figure  47, 
which  shows  the  effects  of  changes  in  elevator  setting  upon  steady  state 
flight  parameters.  Figure  U?a  shows  that  a  2  degree  negative  (up)  elevator 
increment-  produced  a  much  more  nose-up  attitude.  This  resulted  in  a 
reduction  cf  the  rotor  lift  requirement  at  constant  collective  pitch.  The 
combination  of  increased  pitch  attitude  and  increased  rotor  propulsive 
force  resul'  ed  in  a  large  forward  stick  motion  and  greatly  increased  flap¬ 
ping,  limiting  speed  to  lkO  knots. 

The  effect  of  a  positive  (downward)  elevator  deflection  is  shown 
separately  in  Figure  k7b.  A  2  degree  positive  increment  produced  a 
nose-down  moment,  allowing  the  longitudinal  stick  to  move  aft  to  produce 
the  required  balancing  moment.  With  the  favorable  stick  position  and 
reduced  flapping,  speed  was  limited  only  by  available  jet  thrust. 

Effect  of  Rudder  Deflection  (6p) 

The  effect  of  rudder  deflection  on  the  compound  helicopter  flight 
parameters  is  shown  in  Figure  k8.  Deflection  values  of  -10  and  -20  degrees 
(left  deflection)  were  chosen  to  counteract,  main  rotor  orque  and  provide 
tail  rotor  unloading.  Rudder  defiecti  1  did  not  signif "cantly  affect  any 
flight  parameters  except  rudder  pedal. 
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CONCLUSIONS 


I 


1*  The  NH-3A  test  program  demonstrated  that  the  fully 

articulated  rotor  system  is  well  adapted  to  the 
environment  of  compound  helicopter  flight  speeds 
up  to  at  leas'.  230  knots,  the  maximum  attained  in 
this  program. 

2.  Available  methods  of  analysis  of  performance,  stability, 
control  requirements,  blade  stresses,  and  vibration  can 
generally  be  applied  up  to  at  least  2C0  knots  without 
significant  loss  ol  accuracy. 

3.  Anticipated  results  which  were  confirmed  by  test 
included  the  following: 

a.  Speeds  in  excess  of  200  knots  were  achieved  both  with 
and  v*.  zhout  a  wing  through  application  of  auxiliary 
propulsion. 

b.  Blade  stresses  at  high  speed  were  acceptable  and  were 
reduced  by  rotcr  unloading  and  by  reduced  blade  twist 

c.  Vibration  levels  at  high  speed  were  very  acceptable 
and  were  markedly  reduced  with  the  six-bladed  rotor. 

d.  Inherent  aircraft  stability  without  any  type  of  arti¬ 
ficial  stabilization  was  provided  by  an  adequately 
sized  fixed  horizontal  stabilizer. 

e.  Blade  stall  and  the  associated  build  up  of  control 
loads  was  delayed  by  rotor  unloading  and  by  use  of 
increased  blade  twist . 

f.  Tail  rotor  blade  stresses  at  high  speeds  may  be  sign! 
ficantiy  reduced  by  providing  anti-torque  forces  with 
a  vertical  tail. 
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RECOMMENDATIONS 


The  following  areas  are  recommended  for  further  study,  based  on  the 
results  of  this  investigation. 

1.  The  Nil-?'  research  helicopter  should  be  modified  to  permit 
testing  to  higher  speeds.  Modifications  required  to  achieve 
speeds  above  250  knots  include  the  following: 

a.  Installation  of  integrated  controls  to  augment  the 
rotor  when  it  is  slowed  and  unloaded.* 

b.  Reduction  of  airframe  parasite  drag  by  fairing  of 
rotorhead,  installation  of  new  T-58  inlets  and  stream¬ 
lining  of  aircraft  nose,  cockpit  canopy  and  T-58  engine 
housing. 

c.  Installation  of  increased  thrust  jet  engines. 

2.  Serious  study  should  be  made  of  application  of  the  200-250 
knot  articulated  rotor  compound  helicopter  to  operational 
missions. 

3.  Study  should  be  made  of  application  of  the  six-bladed  rotor 
to  the  H-3  family  of  aircraft  as  a  result  of  the  very 
favorable  pilot  reaction  to  the  flight  characteristics  of 
that  configuration. 

U.  Further  itudy,  including  flig-.t  tests  should  be  conducted  to 
verify  the  findings  of  the  tip  spread  analysis.  Acquisition 
of  two-dimensional  airfoil  pitching  moment  characteristics 
at  Mach  numbers  from  0.7  to  1.0  is  also  desirable. 

*  This  has  been  accomplished  at  full  rotor  speed  under  U.  S.  Navy  Contract 
N  00019-67-C-0513. 
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TABLE  II 

NH-3A  PARASITE  DRAG  BREAKDOWN 
V  =  160  Knots 


Fuselage 
Main  Rotor  Head 

Main  Rotor  Pylon  &  T-58  Installation 

Vertical  Stabilizer  Plus  Interference 

Horizontal  Stabilizer 

Tail  rfheel 

Landing  Gear  Pods 

Tail  Rotor  Head 

J-60  Nacelles 

Wing  installed 

Protuberances,  Gaps,  Joints  and 
Miscellaneous 

Momentum  Losses,  Spillage  Drag 


SH-3A 

Design  Est. 

Present  Est. 

5.12 

4.00 

U.00 

9.92 

8.90 

8.95 

2.36 

2.36 

2.36 

0.37 

0.82 

0.82 

0.25 

0.59 

0.81 

0.1*6 

0.1*6 

0.1*6 

6.95 

2.67 

3.20 

1.76 

1.7b 

1.76 

— 

2.20 

6.20 

— 

1.29 

4.00  (4° 
Flaps 

2.75 

0.51 

1.54 

1.17 

0.1*0 

0.90 

31.11 

25.96 

35.00 

Without  Wing  &  Juts 


31.11 


22.47 


2U.80 


vwcsyrji 


Figure  2.  NH-3A  -  Helicopter  With  Jets 


MAIN  ROTOR  OATA 
01  A:  62' 

SLADES:  5  ( 6  BLAOEO  CONFl 
AIRFOIL  :  MOO.  .0012 
WSC  AREA: 3019  SOFT 
FLAOE  AREA  (EA):  39.9  SO  FT 
SOLIDITY  RATIO  (frg,  )l.071 

twist(lh)  :  -a* 

OR  :  660  5^cc 


STABILIZER  BATA 
MOfflriEO  CESSNA  T-37A 

van;  zkr." 

ASPECT.  RATIO:-  925 

AREA-  TWSJFT 

.  WCIQEift  ■'  'A'tO*  (2 POSITION, GROUND  ADJUST.) 
ElEVATOrf  i  -•  ""'KIN:  •  BIAS  A** 


SH-3A  TAIL  ROTOR- 
SCAR  BOX 


TAIL  ROTOR  I  LADE  DATA 
'OlA  *•  124  (10-4*) 
.»SCAir:«*  83-9  SQFT 
ILAOE  AREA  (EA)  7. 344 SQFT 
SOLIOITT  RATIO  (’Xr)  !S8 
AIRFOIL:  MOD.  J00I2 
FEATHERING  AXIS*  25?  C 
TWIST  :  ZERO 


VERTICAL  FIN  DATA 
AREA 44 SQFT 

RUUD:  '  AREA:  8.6  SQFT  CTAB  AREA  -»♦  »  FT) 
-RUDDER, DEFLECTION:  iZ5* 
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H — h 


*4 — i — I — 
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Figure  3. 


NH-3A  Helicopter  With  Jets 
General  Arrangement. 


TAIL  WHEEL  OATA 
6.00-6  TTPE  m 


NOT  REPRODUCIBLE 


1 


18.25' .CHORD 


BRELINER 

J6C-P-2 


N£J.!M _ l _ 

wiesTo  [,.M. 


lTCl£ARANCE 

lit 


STA  (44,873- 
Wl  119.99 


-PERSONNEL  DOOR 
WITH  OCR  EGRESS 


MAIN  WHEEL  OATA 
18-5.9  TYPE.  TB 
00  18.29 
RR  7.6 

FLAT  TIRE  RADIUS  6.00 


-JAHEEL  BASE  415.5  (34' 


STABILIZER  OATA 
MOOlFlEO  CESSNA  T-37A 
SPAN:  2tf-Cf' 

ASPECT  RATIO:-  5.23 
AREA:  78.3  SQ  FT 

IUCIQENCE!  *y(-.0‘  <2PQSIT|QN,GR0UN0  ADJUST.) 
ELEVATOR  OEFLECTiOn:  '  *T3*.-26* 


SM-3A  TAIL  ROTOR 
GEAR  BOX 


TAIL  ROTOR  BLADE  OATA 
DIA*  124  (10-4*) 

0<SC  AREA*  83.9  SQFT 
BLADE  AREA  (EA)  7.344  SQFT 
SOLIOITY  RATIO  (*%r):  .IDS 
AIRFOIL:  MOO.  .0012 
FEATHERING  axis:  25 Z  C 
TWIST  >  ZERO 


VERTICAL  FIN  DATA 
AREA:  44 SQFT 
RVIOOER  AREA:  3.6  SQFT 
RUOOER  OEFLECTION:  tZS" 


Mill  f-f  -f-  I  M 

m  n  *•  m  m  n  w  n  m 

t  (Ml 


NH-3A  Confound  Helicopter 
General  Arrangement. 
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stabilizer  data 

MODIFIED  CESSNA  T-  J7A 
S°AN:  ZS-<S' 

ASPECT  RATIO:-  5  23 
AREA:  76.2  SQ  FT 

tHClQENCE:  *5*-0*  (2 POSITION, 6TOUND  ADJUST) 
ELEVATOR  DEFLECTION:  ‘.tlS^-26* 


SH-3A  Tail  ROTOR 
6EAR  BO.t 


TAIL  ROTOR  (LADE  DATA 
'OIA  *-  124  (l0-4‘) 

DISC  AREA*  83.9  SQFt 
HADE  AREA  (EA)  7.  344  SQ  FT 
SOLIDITY  RATIO  {*%ry-  .ISS 
AIRFOIL:  hod.  joou 
FEATHERING  AXIS-.  ZS%  C 
TWiST  :  ZERO 


VERTICAL  FIN  DATA 
AREA:  44 SOFT 
RUDDER  AREA;  8.6  SQFT 
RUDDER.  OEFLECTlCN:  *25* 


>  }  I  t  t — I — | 

•  *»  me^MMYIIONlOO 

tuu  <») 


Figure  6.  NH-3A  Helicopter  -  General 
Arrangement . 
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80 


120 


160 


200 


240 


280 


CALIBRATED  AIRSPEED,  KN 


TE7  Without  wings,  with  jet  pods,  five  main  rotor 

SLADES,  -8  DEGREES  TWIST,  ZERO  DECREE  6  , 

ZERO  DEGREE  i  e 

( FIGURE  7.  Continued. 
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SHAFT  HORSEPOWER 


3600 


3200 


2800 


2400 


2000 


COLLECTIVE  WAS  SET  TO  TRIM  THE 
AIRCRAFT  AT  'HE  SPEEDS  LISTED 
WHEN  JET  THRUST  WAS  SET  FOR  IDLE 

O  FLT  45  JETS  INOPERATIVE,  VARIABLE  COLLECTIVE,  0  DEG  8e 
0  FLT  47  135  KN  COLLECTIVE,  2  DEG  8* 

A  FLT  39  130  KN  COLLECTIVE,  0  OEG  3e 

A  FLT  37  80  KN  COLLECTIVE,  0  DEG  \ 

k  FLT  38  COLLECTIVE  11%  <  80  KN  VALUE,  0  DEG  8, 

0  FLT  38  FULL  LOW  COLLECTIVE,  0  DEG  8e 

0  FLT  39  FULL  LOW  COLLECTIVE,  5  DEG  £ 

- POWER  REQUIRED  BOUNDARY,  JETS  INOPERATIVE 

- POWER  REQUIRED  BOUNDARY,  JETS  OPERATIVE 


1200 


200  240 


.CALIBRATED  AIRSPEED,  KN 


(c)  WITH  WINGS,  WITH  JET  P0D6,  FIVE  MATT  ROTOR 
BLADES,  -U  DEGREES  TWIST,  VAPIGlo  6  ,  ZERO 
'  DEGREE  i,  U  DEGREES  6  * 


FIGULE  7.  Continued. 


SHAFT  HORSEPOWER 


SHAFT  HORSEPOWER 


s.  >' 


n 


(f)  WITHOUT  WINGS ,  WITH  JET  PODS,  6  MAIN 

MOTOR  BLADES, -8  DEGREES  TWIST,  VARIOUS 

6  .  ZERO  DEGREE  !„ 

6 

FIGURE  J.  Continued. 
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SHAFT  HORSEPOWER 


'"V^NW-W _ .**»«■  *  -'  •I-’S.T  • 


*••»'=  -  *r  ??i*  i-  •? 


0  40  80  120  160  200 

CALIBRATED  AIRSPEED,  KN 


(h)  WITHOUT  WINGS,  WITHOUT  JET  PODS,  FIVE  MAIN 
ROTOR  BLADES,  -U  DEGREES  TWIST,  VARIOUS  5  , 
ZERO  DEGREE  i  ,  VARIABLE  COLLECTIVE  e 

FIGURE  7.  Concluded. 
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WEIGHT  COEFFICIENT,  C^XIO4 

w 


FIGURE  8. 


HOVER  PERFORMANCE , EFFECT  OF  BLADE  TWIST  (  BASIC 
HELICOPTER ,  FIVE  MAIN  ROTOR  .BLADES ). . 
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POWER  COEFFICIENT,  C,  x  10 


vsattiu 


AIRFRAME  EQUIVALENT  PARASITE  AREA,  f,  FT 


(a)  WITHOUT  WINGS,  WITH  JETS 
FIGURE  11.  LIFT  DRAG  POLARS. 
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FIGURE  12.  LATERAL  CONTROL ^POSITION  VERSUS  AIRSPEED 


Differential  Wing,  Lift  Test  Installation 


100  80  60  40  20  C 

PERCENT 


(a)  V  =  120  KNOTS,  PITCH  ATTITl 
YAW  ANGLE  =-U.2  DEGREES 

FIGURE  lU.  WING  LIFT  DI! 
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APPARENT*  UFT,  LB/FT  SPAN 


PERCENT  SEMISPAN 


(b)  V  =  l6U  KNOTS,  FITCH  ATTITUDE  =  2  DEGREES, 
YAW  ANGLE  =  -3.5  DEGREES 


FIGURE  Ik.  (CONCLUDED) 
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ROTOR  LIFT,  LB 


-  .  .  .  u:  1  ~ 


tFF-^.y 


ROTOR  DRAG,  LB 


(a)  156  KNOTS  (u  =  .40),  FIVE  MAIN  ROTOR 

BLADES,  -h  DEGREES  TWIST 

FIGURE  15.  ROTOR  OPERATING  ENVELOPE  FOR  VARIOUS  AIRSPEEDS 
AND  ROTOR  CONFIGURATIONS  AND  660  FPS  ROTOR 
TIP  SPEED. 
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FIGURE  15.  Continued. 


71 


72 


ROTOR  LIFT,  LB 


24000 i 


20000 


16000 


12000 


8000 


4000 


/  I  I  I  I  ! 

O  WITH  WINGS,  WITH  JETS 

O  WITHOUT  WINGS,  WITH  JETS' 


UPPER  STALL  LIMIT- 


T 

x 

\ 

4.5°/ 

d 

o 

% 

i 

_ 

”3000  -2000  -1000 


HP=0 


JET  THRUST 
]  LIMIT 


0^1.0° 


)  0  1000  2000  3< 
ROTOR  DRAG,  LB 


(e)  175  KNOTS  (u=.U5)>  FIVE  MAIN  ROTOR  BLADES, 

-8  DEGREES  TWIST 


FIGURE  15.  Conti nutd. 
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(f)  195  KNOTS  (p=.5C),  FIVE  MAIN  ROTOR  BLADES. 
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FIGURE  15,  Continued 
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FIGURE  15-  Continued. 
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ROTOR  LIFT,  LB 
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ROTOR  DRAG,  LB 


(i)  195  KNOTS  (u=.50),  SIX  MAIN  ROTOR  BLADES 


FIGURE  15.  Concluded. 
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TRUE  AIRSPEED,  KN 


FIGURE  16.  COMPRESSIBILITY  MAPPING  CONDITIONS. 


76 


peak  reversal 


FIGURE  17.  DYNAMIC  BEHAVIOR  DURING  BLADE  TTF  EXCURSION 


BLADE  ANGLE  OF  ATTACK 


FIGURE  18.  BLADE  PITCHING  MOMENT  COEFFICIENT  VERSUS 
ANGLE  OF  ATTACK  AND  MACH  NUMBER. 


FIGURE  20.  CONTROL  LOADS  AT 
STALL  LIMIT. 
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FIGURE  21.  CHANGE  IH  CONTROL  LOADS  AT  POINTS  ABOVE 
THEORETICAL  STALL  LIMIT. 
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- —  CORRELATION  BASED  ON  -4  DEG  TWIST 

- CORRELATION  BASED  ON  -8  DEG  TWIST 

- CH-53A  TEST  DATA,  -6  DEG  TWIST, 

GR  WT  =  35,000 


CALIBRATED  AIRSPEED,  KN 


FIGURE  22.  CONTROL  LOADS  CORRELATION  WITH  CH-53A 
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FIGURE  23.  CONTROL  LOAFS  CORRELATION  MITH  CH-3C . 
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ROTOR  DRAG,  LB 


(  FIGURE  24.  COK1ROL  SYSTEM  LOAD  CONTOURS  AT  175  KNOTS 

(FIVE  MAIN  ROTOR  BLADES,  -8  DEGREES  TWIST). 
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ROTATING  SISSORS  LOAD,  LB 


IOO  120  i«0  160  180  200  220 

CALIBRATED  AIRSPEED,  KN 


FIGURE  25.  MAIN  ROTOR  OPERATING  SCISSORS  VIBRATORY  LOAD 
(WITH  WINGS  AND  JETS,  FIVE  MAIN  ROTOR  BLADES, 
-k  DEGREES  TWIST,  ZERO  DEGREE  i  ). 
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CALIBRATED  AIRSPEED,  KN 

FIGURE  26.  MAIN  ROTOR  STATIONARY  SCISSORS  VIBRATORY  LOAD 
(WITHOUT  WINGS,  SIX  MAIN  ROTOR  BLADES,  -k 
DEGREES  TWIST,  ZERO  DEGREE  i„_). 
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FIGURE  27.  BLADE  STRESS  AT  70  PERCENT  RADIUS  VERSUS 
AIRSPEED  (  FIVE  MAIN  ROTOR  BLADES,  -4 
DEGREES  TWIST). 
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FIGURE  28.  EFFECT  OF  ROTOR  LIFT  AND  AIRSPEED  ON  BLADE  STRESS  AT 
70  PERCENT  RADIUS,  (FIVE  MAIN  ROTOR  BLADES,  -  4 
DEGREES  TWIST). 
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FIGURE  29. 
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FIGURE  30,  EFFECT  OF  TWIST  ON  MAXIMUM  STRESS,  WITH  AUXILIARY 
PROPULSION,  (SIX  MAIN  ROTOR  BLADES). 
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FIGURE  31.  EFFECT  OF  RUDDER  DEFLECTION  CN  TAIL  ROTOR  STRESSES 
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.FIGURE  3U.  EFFECT  OF  DUMBER  OF  BLADES  ON  TRANSMISSION  SUPPORT 
STRESSES  AT  THE  LEFT  FORWARD  FITTING. 
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LOAD  FACTOR 


U)  WITHOUT  WINGS,  WITH  JE.  PODS,  FIVE 
MAIN  ROTOR  BLADES 


FIGURE  36.  V-n  DTAGRAM  FOR  VARIOUS  AIRCRAFT  CONFIGURATIONS, 
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(b)  WITH  WINGS,  WITH  JET  PODS,  FIVE 
MAIN  ROTOR  BLADES 


FIGURE  36.  Continued. 


LOAD  FACTOR 


(c)  WITHOUT  WINGS,  WITH  JET  PODS,  SIX  MAIN 
ROTOR  SLADES 

FIGURE  36.  Concluded. 
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FIGURE  37-  LATERAL  DIRECTIONAL  STATIC  STABILITY  AT  125  KNOTS, 
(FIVE  MAIN  ROTOR  BLADES,  -8  DEGREES  TWIST,  ZERO 
DEGREE  iHT). 
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FIGURE  ?8.  CORRELATION  OF  STEADY  STATE  PLIGHT  PARAMETERS  (WITH 
W:  GS  AND  JETS,  FIVE  MAIN  ROTOR  BLADES ,  -k  DEGREES 
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FIGURE  39.  Concluded 
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FIGURE  U0.  EFFECT  OF  SPEED  OK  HORIZONTAL  TAIL  LOADING 
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FIGURE  1*1.  EFFECT  OF  WING  ON  STEADY  STATE  FLIGHT  PARAMETERS  (WITH  JETS, 
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FIGURE  kk.  EFFECT  OF  SOLIDITY  OH  STEADY  STATE  FLIGHT 

PARAMETERS  (WITHOUT  WINGS  AND  JETS,  -8  DEGREES 
TWIST,  ZERO  DEGREE  6  ,  ZERO  DEGREE  i„_) . 
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FIGURE  I18.  Concluded. 
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APPENDIX  I 

1/12  SCALE  MODEL  WIMP  Tl’NNEL  DATA 


(  ) 


Tests  of  a  1/12  Scale  Model  of  the  NH-3A  airlcrajje, shown  in  Figure  1*9, 
were  conducted  in  the  United  Aircraft  Corporation  k  x  6  feet  Subsonic 
Wind  Tunnel  prior  to  modifying  the  bailed  SH-3A  aircraft.  Six-component 
aerodynamic  data  were  obtained  over  ranges  of  model  pitch  and  yaw  at  a 
constant  tunnel  dynamic  pressure  of  25.6  psf,  corresponding  to  a  nominal 
tunnel  speed  of  100  mph. 

This  appendix  ?s  intended  only  to  provide  the  most  significant  data 
used  in  evaluation  and  correlation  of  the  NH-3A  flight  test  results.  Data 
are  presented  in  Figures  50  through  5^  in  terms  of  full-scale  aircraft 
forces  and  moments  per  unit  of  freestream  dynamic  pressure.  All  quantities 
are  in  the  wind  axis  system,  through  the  aircraft  c.g.,  and  are  corrected 
for  gravity  and  interference  tares.  Unless  specifically  noted,  tail  inci¬ 
dence,  flap  deflection  and  elevator  deflection  were  zero.  The  model  was 
equipped  with  a  non-rotating  simulated  rotorhead.  Streamlined  fairings 
were  incorporated  to  provide  smooth  flow  about  jet  inlet  and  exhaust 
locations . 

Figure  51  presents  the  effects  of  the  wing  and  tail  upon  airframe 
longitudinal  characteristics  over  a  range  of  angle  of  attack.  Lift,  drag 
and  pitching  moment  parameters  are  shown  for  the  compound  configuration, 
the  helicopter  plus  jets  (compound  with  wing  removed),  and  the  helicopter 
with  jets,  but  with  the  horizontal  stabilizer  removed.  The  minimum  para¬ 
site  area  of  the  compound  configuration  was  measured  as  18.5  square  feet. 
This  was  initially  corrected  to  26  square  feet  to  account  for  protruber- 
ences,  leakage  and  details  whose  drag  could  not  be  accurately  assessed  on 
the  small  model.  A  further  discussion  of  the  actual  drag  was  presented  in 
Aircraft  Drag,  page  15.  The  pitching  moment  curve  of  both  configurations, 
with  the  stabilizer  installed,  was  highly  stable,  '"igure  51  presents 
similar  data  without  discussion,  showing  the  effects  of  flap  deflections 
of  0,  10,  20,  and  30  degrees. 
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Figure  52  presents  the  effect  of  elevator  deflection  and  Fi(£uri  j 
shows  the  effect  of  stabilizer  incidence  upon  longitudinal  charact; 

The  small  differences  which  may  appear  between  data  of  similar  config 
tions  in  Figures  50-53  represent  the  wind  tunnel  measurement  accuracy, 
because  a  separate  run  was  conducted  in  each  case. 

Figure  5**  shows  the  effect  of  yaw  angle  upon  side  force,  rolling  and 
yawing  moment  parameters.  The  yawing  moment  is  neutral  or  slightly 
unstable  at  small  angles  of  yaw,  probably  because  of  the  reduced  vertical 
stabilizer  effectiveness  in  the  rotorhead  wake.  The  positive  contribution 
of  the  tail  rotor  makes  the  full  scale  aircraft  directionally  stable. 
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PITCHING  MOMENT  PARAMETER  ,  CL  ,  FT*  LIFT  PARAMETER 


CONFIGURATION 
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FIGURE  50,  EFFECT  OF  CONFIGURATION  ON  LONGITUDINAL  CHARACTERISTICS, 
1/12  SCALE  AIRFRAME  MODEL. 
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FIGURE  51.  EFFECT  OF  FLAP  DEFLECTION  ON  LONGITUDINAL 
CHARACTERISTICS,  1/12  SCALE  AIRFRAME  MODEL. 
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PITCHING  MOMENT  PARAMETER  ,  Cm ,  FT3  LIFT  PARAMETER 


PITCHING  MOMENT  PARAMETER  ,  Cm  ,  FTS  LIFT  PARAMETER 


FIGURE  53.  EFFECT  OF  HORIZONTAL  TAIL  INCIDENCE  ON  LONGITUDINAL 
CHARACTERISTICS,  1/12  SCALE  AIRFRAME. MODEL. 
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FIGURE  5U.  EFFECT  OF  FUSELAGE  ATTITUDE  CN  LATERAL  AND  ROLL 
CHARACTERISTICS,  1/12  SCALE  AIRFRAME  MODEL. 
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APPENDIX  II 


TEST  INSTRUMENTATION 


Test  instrumentation  was  installed  to  record  flight  test  data  on 
handling  qualities,  performance,  rotor  loads,  stress,  and  aircraft 
vibration  for  all  configurations  investigated.  Dual  instrumentation 
was  required  in  some  areas  to  provide  simultaneous  indications  to  both 
the  pilot  and  the  oscillograph/photopanel  recorders,  or  to  provide 
back-up  for  the  principal  parameters.  Instrumentation  was  also  provided 
to  monitor  critical  structural  loads.  A  description  of  the  basic 
instrumentation  package  is  provided  in  the  following  sequence: 

1 .  Apparatus 

2.  Calibrations 

3 .  Measurements 

^ .  Accuracy 

APPARATUS 

{  Primary  recording  devices,  installed  in  the  cabin  area,  consisted  of 

two  50  channel  light  beam  photo-recording  oscillographs  and  a  2H  hole 
photopanel,  utilizing  a  variable  speed  35  mm  camera.  Signal  conditioning 
for  the  transducers  was  provided  by  standard  bridge  balancing  modules  and 
potentiometer  adapter  boxes. 

A  nose  boom  was  utilized  to  obtain  airspeed,  altitude,  fuselage  angle 
of  attack,  sideslip  angle,  rate-of-climb  and  static  pressure.  The 
original  aircraft  airspeed  system  probe  was  also  operational  and  used  as  the 
primary  system  when  the  nose  boom  was  removed. 

Wire-wound  potentiometers  were  coaxially  mounted  to  sense  the  angular 
motions  of  the  longitudinal,  lateral,  collective,  and  rudder  pedal  controls. 
Similar  installations  utilizing  angulatcrs  measured  flapping,  feathering,  and 
lag  angles  of  the  master  main  rotor  blade.  Tail  rotor  flapping  and  pitch 
were  measured  with  wire-wound  potentiometers. 
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Vibrations  wer«.*  sensed  by  vc.ocity  pickups  and  accelerometers . 

Vertical  acceleration  at  the  center  of  gravity  was  measured  with  a  load 
factor  type  linear  accelerometer.  Pitch  and  roll  attitudes  were 
measured  with  a  vertical  gyro.  Pitch,  roll,  and  yaw  rates  were  measured 
with  rate  gyros. 

Stress  and  load  transducers  consisted  of  electrical  strain  gages 
wired  as  conventional  single  active  gages  or  as  2  or  gage  tension  or 
bending  bridges.  Strain  gages  normally  installed  on  the  leading  edge  of 
the  main  rotor  blade  spar  were  removed  to  the  trailing  edge  to  prevent 
unnecessary  drag  effects.  Internal  wiring  was  provided  for  the  instru¬ 
mented  main  rotor  blade  during  fabrication.  Wing  bending  moment  measure¬ 
ments  were  made  by  strain  gaging  one  fore  and  aft  wing  spars  at  two  span- 
wise  locations.  Wing  lift  was  determined  from  the  difference  in  bending 
moments  between  these  two  locations. 

CALIBRATIONS 

Instrumentation  items  were  laboratory  calibrated  prior  to  installation 
on  the  aircraft.  Preflight  and  post-flight  calibrations  were  made  for  all 
oscillograph  measurements  with  the  exception  of  the  velocity  transducers 
which  only  required  periodic  calibrations.  Aircraft  rigging  checks  were 
made  throughout  the  test  program  as  required  by  main  rotor  blade  changes. 

All  data  presented  herein  are  corrected  for  instrument  and  installation 
errors . 

Airspeed  position  error  calibrations  were  made  for  the  aircraft  and 
nose  boom  systems  to  calibrated  airspeeds  in  excess  of  200  knots.  The 
calibrations  were  conducted  using  the  measured  speed  course  method.  Results 
of  the  airspeed  calibrations  are  shown  in  Figure  55. 

Turbojet  thrust  determination  was  made  by  utilizing  the  engine  manu¬ 
facturer's  test  cell  calibration  data,  which  included  engine  pressure  ratio, 
net  thrust,  corrected  fuel  flow,  and  corrected  engine  speed. 

Calibrations  of  control  positions,  blade  motions,  gyros,  accelerometers, 
and  pitch  and  yaw  vanes  were  straightforward  and  will  not  be  discussed  here. 
The  control  system  rigging  is  presented  in  Table  III. 
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Values  of  main  rotor  thrust  were  obtained  by  direct  measurement  of 
axial  strain  in  the  main  rotor  shaft.  Laboratory  calibrations  that 
included  effects  of  shaft  bending  and  torsion  on  the  thrust  ’  :  •.  showed 
repeatable,  linear  results.  As  testing  proceeded,  however,  it  v.  and 
that  the  influence  of  main  rotor  gearbox  temperature  resulted  in  a  shift¬ 
ing  of  the  zero  thrust  reference.  Further  investigation  of  the  problem 
was  undertaken  with  a  temperature  probe  in  the  main  rotor  gearbox  to 
establish  a  relationship  between  the  thrust  readings  and  the  temperature 
gradient.  Results  of  this  calibration  indicated  that  five  minutes  of 
hovering  at  moderate  temperatures  and  10  minutes  in  cold  weather  would  be 
sufficient  to  stabilize  the  thrust  reading  and  provide  a  good  zero 
reference.  All  subsequent  flights  required  an  appropriate  hover  and  zero 
reference  calibration  prior  to  the  actual  data  acquisition  flight. 

Laboratory  calibrations  of  the  wing  spar  bending  moments  in  terms  of 
wing  lift,  with  the  center  of  pressure  at  various  spanwise  and  chordwise 
locations,  showed  repeatable  results.  However,  upon  installation  of  the 
wing  on  the  aircraft,  it  was  found  necessary  to  replace  the  attachment 
bolts  with  tapered  pins  to  ensure  symmetrical  distributions  of  wing  loads 
among  the  four  wing  attachments.  Even  then,  a  continuing  erratic 
behavior  of  the  wing  lift  data  remained.  As  a  result,  the  wing/bcdy  lift 
was  determined  most  reliably  from  the  direct  measurement  of  rotor  shaft 
thrust  in  combination  with  gross  weight. 

MEASUREMENTS 

Oscillograph  and  photopanel  measurements  recorded  during  the  test 
program  are  given  in  Tables  IV  and  V.  The  individual  parameters  recorded 
in  each  of  the  configurations  are  noted  by  an  asterisk  (*)  in  the  Tables. 

ACCURACY 

The  estimated  accuracies  of  the  measurements  are  presented  in  Table  VI. 
These  accuracies  are  based  on  best  engineering  estimates  at  the  conclusion  of 
the  test  program. 
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TABLE  IV 


OSCILLOGRAPH  MEASUREMENTS 
CONFIGURATION 


1.  Helicopter  plus  jets,  5  blades,  -U°  twist. 

2.  Helicopter  plus  jets,  5  blades,  -8°  twist. 

3.  Helicopter  plus  jets  &  wing,  5  blades,  -h°  twist. 
Helicopter  plus  jets  &  wing,  5  blades,  -8°  twist. 

5.  Helicopter,  5  blades,  -4°  twist. 

6.  Helicopter,  5  blades,  -8°  twist. 

7.  Helicopter  plus  jets,  6  blades,  -4°  twist. 

8.  Helicopter  plus  jets,  6  blades,  -8  twist. 


MEASUREMENT 


Longitudinal  stick  position 

Lateral  stick  position 

Collective  stick  position 

Rudder  pedal  position 

Pitch  attitude 

Roll  attitude 

M.  R.  blade  pitch 

M.  R.  blade  flapping 

M.  R.  blade  lag 

M.  R.  blade  total  stress  TE-1 

M.  R.  blade  total  stress  TE-U 

M.  R.  blade  total  stress  TE-7 

M.  R.  blade  total  stress  BR-6 

M.  R.  blade  total  stress  BR-7 

M.  R.  blade  normal  bending  stress  NBR-1 

M.  R.  blade  normal  bending  stress  NBR-3 

M.  R.  blade  normal  bending  stress  NBR-5 

M.  R.  blade  normal  bending  stress  NBR-7 

M.  R.  blade  normal  bending  stress  NBR-9 

M.  R.  blade  torsional  stress  Q-*2 

M.  R.  blade  torsional  stress 

M.  R.  blade  torsional  stress  Q-7 

M.  R.  thrust 

M.  R.  shaft  torque 

M.  R.  shaft  longitudinal  shear  force  (X) 

M.  R.  shaft  lateral  shear  force  ( Y ) 

M.  R.  ...*aft  total  shear  force 

M.  R.  shaft  longitudinal  bending  moment  (X; 

M.  R.  shaft  lateral  bending  moment  (Y) 

M.  R.  shaft  bending  stress 
M.  R.  push  rod  load 
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TABLE  IV  (Continued) 


MEASUREMENT 


M.  R.  stationary  ^issors  load 
M.  R.  rotating  scissors  load 
M.  R.  spindle  edgewise  bending  stress 
M.  R.  spindle  flatwise  bending  stress 
Right  lateral  stationary  starload 
M.  R.  head  total  stress  UP-1 
R.  head  total  stress  UP-2 
head  total  stress  UP-3 
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Tail  pylon  web  total  stress  PW-1 
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TABLE  IV  (Continued) 


MEASUREMENT 


Transmission  area  total  stress  TLO-18 

Transmission  area  total  stress  TRR-lbOF 

Transmission  area  total  stress  TRO-16A 

Transmission  area  total  stress  TRO-l'jA 

Transmission  area  total  stress  TLFF-6 

Transmission  area  total  stress  TLF-160A-2 

Bendix  coupling  total  stress  C-l 

Bendix  coupling  total  stress  C-2 

Jet  engine  attachment  total  stress  HA-1 

Jet  engine  attachment  total  stress  EA-2 

Jet  engine  attachment  total  stress  EA-3 

Stabilizer  total  stress  RST-1 

Stabilizer  total  stress  RST-3 

Stabilizer  total  stress  RSB-1 

Stabilizer  total  stress  RSB-2 

Stabilizer  total  stress  RSB-3 

Stabilizer  total  stress  LST-1 

Stabilizer  total  stress  LST-3 

Stabilizer  total  stress  LSB-1 

Stabilizer  total  stress  LSB-2 

Stabilizer  total  stress  LSB-3 

Left  stabilizer  lift 

Right  elevator  moment 

Rudder  moment 

Right  wing  lift 

Left  wing  lift 

Right  wing  flap  moment 

Left  wing  flap  moment 

Right  wing  bending  stress  at  root 

Left  wing  bending  stress  at  root 

Right  ving  total  stress  BFS-1 

Right  wing  total  stress  TAS-1 

Left  wing  total  stress  BFS-1 

Left  wing  total  stress  TAS-1 

Yaw  rate 

Pitch  rate 

Roll  rate 

Normal  acceleration  at  c.g. 

Vertical  acceleration  at  pilot  (seat) 
Lateral  acceleration  at  pilot  (seat) 
Vertical  velocity  at  pilot  (seat) 
Vertical  velocity  at  pilot  (floor) 

Lateral  velocity  at  #1  J-60 
Lateral  velocity  at  #2  J-60 
Vertical  velocity  at  #1  J-60 
Vertical  velocity  at  #2  J-60 
Vertical  velocity  at  #1  T-58 


CONFIGURATION 
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TABLE  tv  (Continued) 


MEASUREMENT 


Lateral  velocity  at  Hi  T-58 
Vertical  acceleration  at  tail  rotor  gear  '■ox 
Lateral  acceleration  at  tail  rotor  gear  box 
Vertical  acceleration  at  left  stabilizer  tip 
Vertical  acceleration  at  right  stabilizer  tip 
Vertical  acceleration  at  left  wing  tip 
Vertical  acceleration  at  right  wing  tip 


CONFIGURATION 
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TABLE  V 

PHOTOPANEL  MEASUREMENTS 
CONFIGURATION 

Helicopter  plus  jets,  5  blades,  -lt°  twist. 
Helicopter  plus  jets,  5  blades,  -8°  twist. 
Helicopter  plus  jets  &  wing,  5  blades,  -U°  twist. 
Helicopter  plus  jets  &  wing,  5  blades,  -8°  twist. 
Helicopter,  5  blades,  -!;c  twist. 

Helicopter,  5  blades,  -8°  t^.ist. 

Helicopter  plus  Jets,  6  bxades,  — U°  twist. 
Helicopter  plus  jets,  6  blades,  -8°  twist. 


MEASUREMENT 


Main  rotor  speed 
Rate  of  climb 
Airspeed  (ships  system) 

Airspeed  (nose  boom  system) 

Altitude 

Outside  air  temperature 
Yaw  angle 

Fuselage  angle  of  attack 

Elevator  position 

Rudder  position 

Wing  flap  position 

No.  1  T-58  free  turbine  speed 

No.  2  T-58  free  turbine  spec 

No.  1  T-58  engine  torque 

No.  2  T-58  engine  torque 

No.  1  J-60  turbine  speed 

No.  2  J-60  turbine  speed 

No.  1  J-60  fuel  flow 

No.  2  J-60  fuel  flow 

No.  1  J-60  compressor  inlet  pressure 

No.  2  J-60  compressor  inlet  pressure 

No.  1  J-60  turbine  discharge  pressure 

No.  2  J-60  turbine  discharge  pressure 

Clock 
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INSTRUMENTATION  ACCURACIES 
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